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PREFACE 

~ 

The work described herein was performed by the SERI Quality Assurance and Standards 
(QAS) Branch, Planning Applications and Impacts Division as part of Task 1092: Devel-· 
opment of Performance Criteria and Test Standards for Photovoltaic Systems. Gary R. 
Nuss provided guidance and direction jn planning the study and preparing this report. 
Ronald T. Anderson, Reliability Technology Associates, was a major participant in 
conducting the study and preparing the report. 

The study evaluated the quality assurance and reliability activities associated with the 
development, production, installation, and operation of electric power generating sys­
tems to ascertain approaches and methods appropriate for photovoltaic electric energy 
systems. This report describes study findings and provides recommendations for estab­
lishing photovoltaic system Quality Assurance and Reliability methods. 

The authors are indebted to the many organizations and individuals who willingly 
provided information, documentation, and, most importantly, their time for in-depth 
technical discussions on the goals, activities, and accomplishments of their respective 
functions. We especially acknowledge the cooperation of Dr. Safron S. Canja, of the 
Department of Energy for his time and patience in describing the DOE Fossil Energy Per­
formance Assurance Program and Fossil Energy Event Data System, offering study guid­
ance, identifying knowledgeable individuals, and for his constructive review of the draft 
manuscript. 

Approved for 

SOLAR ENERGY RESEARCH INSTITUTE 

Jon M. Veigel, Mana;; ~ ~. 
Planning, Applications and Impacts Division 

Gary R. N Chief 
Quality Assurance and Standards Branch. 
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SUMMARY 

OBJECTIVE 

This study was conducted to determine the techniques and practices utilized in an allied 
industry (electric power generation) that might serve as a baseline for formulating Qual­
ity Assurance and Reliability (QA&R) procedures for photovoltaic solar energy systems. 
The study results provide direct near-term input for establishing validation methods as 
part of the SERI performance criteria and test standards development task. 

DISCUSSION 

The determination and demonstration of quality and reliability are essential elements in 
the commercial acceptance of photovoltaic solar energy systems. Consistent achieve­
ment of satisfactory levels of quality and reliability requires that positive actions be 
instituted as an integral part of system design, manufacturing, and installation. Although 
QA&R program basics are well established, specific program- activities are governed by 
the characteristics and needs of the intended application and its functional environment. 

Information and data were obtained from representatives of the utilities, architect/engi­
neer (AE) firms, manufacturers, industry associations, and others active in QA&R. 
Discussion questions dealt with scope, organization, procedures, methods, effectiveness, 
and terminology of practices currently being applied. Findings were reduced, organized, 
and evaluated with recommendations formulated relative to the potential applicability of 
specific approaches and practices to photovoltaic (PV) systems and components. Study 
results, conclusions, and recommended QA&R activities for the PV program are 
presented in this report. 

Reliable power has been achieved over the years by the electric power industry primarily 
through the use of redundant components, subsystems, and generating units. Due to the 
increased cost of replacement, operation, and maintenance, it became apparent several 
years ago that the reliability of individual generating uni ts needed significant 
improvement. The practices and programs being developed and implemented by the 
conventional electric power industry thus are intended to reduce costs by focusing on 
increasing productivity through reduced unit downtime. 

All segments of the industry are aware of the importance of QA&R and are actively 
addressing QA&R. The formality, scope, and rigor of the activities vary greatly with 
each organization and its functional responsibility. The more aggressive organizations 
are applying disciplined analysis methods, performing rigorous tests, preparing and 
imposing Reliability, Availability, and Maintainability (RAM) specifications, performing 
supplier audits and surveillance, implementing data recovery and feedback systems, and 
conducting failure analyses. Many of the practices can be directly applied or readily 
adapted or modified to meet the needs of the photovoltaic QA&:R program. 

Utilities generally have formal QA&R departments with direct responsibility for per­
forming vendor audits and surveillance, establishing and implementing a data recovery 
and feedback system, performing failure analyses, and determining requirements for 
inclusion in generating _unit and equipment procurement specif~cations. The utilities are 
using, at least in part, QA&R methods to specify and control the reliability of operating 
power generating units and equipment and as part of the design process for new or 
replacement equipment and components. 

V 
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AE firms address reliability and quality as an integral part of the plant design and system 
specification process. They direct much effot·t toward incorporating specific QA&R 
requirements (sometimes quantitative) into their plans, drawings, and specifications. 

Major hardware manufacturers generally maintain and implement a comprehensive pro­
gram with sizeable QA&R organizations and formal procedural manuals that emphasize 
QA activities, but with increasing concern for reliability. Many organizations are com­
monly performing reliability prediction and assessment, failure mode and effect analysis 
(FMEA), and design review. 

The utility and trade associations, such as the Edison Electric Institute/National Electric 
Reliability Council (EEI/NERC) and Electric Power Research Institute (EPRI), support 
the utilities and their AE firms and manufacturers by providing research, authoritative 
information and data, definitions, procedures and guidelines, as well as providing an 
essential 'forum for technical exchange. 

In addition, DOE is · developing performance assurance guidelines including a Fossil 
Energy Equipment Data System (FEEDS) for application to fossil energy development, 
demonstration, and pilot projects. These guidelines cover reliability, maintainability, 
availability, quality assurance, configuration management, life-cycle cost, and system 
safety and are applicable throughout the design, construction, procurement, and opera­
tion and maintenance of complex power plants. 

CONCLUSIONS AND RECOMMENDATIONS 

Some specific practices and programs evaluated during the study and considered particu­
larly applicable to the PV program are: 

• Ontario Hydro's specification approach and reliability program matrix 

• Bonneville Power Administration's life-cycle cost (LCC)/performance approach 
and surveillanoe and quality f;Urvcy report · 

• Consolidated Edison's quality assurance level matrix 

• Florida Power and Light's reliability methodology and unit availability report 

• Institute of Electrical and Electronic Engineers (IEEE) and EEI/NERC QA&R 
definitions (selected) 

• EEI/NERC, EPRI, and DOE data recovery and feedback methods (i.e .• _ data 
forms, procedures, data management schemes, and output reporting formats). 

Major payoffs (in terms of imp1·oved reliability) can be expected from the immediate 
adaptation and ·implementation of certain QA&R practices (e.g., manufactur·er's audits) 
into the PV field test and applications programs, then following with longer range 
provisions specifically developed or tailored to meet the needs of the broader PV 
program. 

Recommendations for developing an effective and viable PV QA&R program focus on: 

• Adapting applicable electric power industry QA&R practices and techniques; 

• Integrating QA&R initiatives currently being pursued within the PV program; 

vi 



• Developing additional practices and techniques as may be necessary to augment 
above; 

• Establishing a dedicated reliability data recovery and feedback system; 

• Continuing improvement of the practices, techniques, and data recovery system; 
and 

• Continuing high level management attention. 

Subsequent sections of this report expand on the results and recommendations 
summarized above. 
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SECTION 1.0 

INTRODUCTION 

This study of the conventional electric power generating industry's quality assurance and 
reliability practices was conducted to establish a baseline for formulating approaches, 
methods, and techniques to assure the quality and long-term reliability of photovoltaic 
solar energy systems. This work is part of the validation methodologies development 
task of the SERI performance criteria and test standards development project (Nuss 
1979). 

1.1 BACKGROUND 

Widespread public acceptance of photovoltaic (PV) solar energy generating systems 
requires more than the ability to produce the desired electric power economically; the 
systems must continue to produce power reliably over extended periods. Over the years, 
electric utilities have established a record of continuous, relatively trouble-free 
service. Any alternate power source will be judged against this norm by potential cus­
tomers. Consequently, broad commercialization of PV systems depends heavily on devel­
oping and producing high quality systems, subsystems, and component hardware (and 
software to some extent) that are reliable and can be economically maintained. Past 
experience with hardware systems, particularly comple~ aerospace systems and, 
recently, modem microcomputing systems, has shown that disciplined quality assurance 
and reliability control as an integral part of development and demonstration are essential 
for achieving production quality and operational reliability. 

This study was performed to establish a baseline on which to formulate PV quality assur­
ance and reliability (QA&R) efforts. Because of its long history of servicing the electric 
power market, the QA&R methods, standards, techniques, and procedures employed by 
the conventional electric power generating industry were evaluated. Input was requested 
from all segments of the industry, including operating utilities, architect-engineer (AE) 
firms, power generating system and component manufacturers, utility associations (such 
as . the Electric Power Research Institute and the Edison Electric Institute), the 
Department of Energy (DOE), and other related technical societies and trade 
associations. Selected reports from DOE, conferences, symposia, technical journals, 
etc., were also collected and evaluated. The information was screened and analyzed, and 
recommendations were formulated, based on the findings, for developing a photovoltaic 
QA&R program. 

1.2 STUDY OBJECTIVE 

The objective of this study was to establish a thorough understanding of the QA&R !Ji·ac= 
tices that the electric power generating industry found to be most effective in achieving 
high hardware reliability and electric power generation system availability. The results 
and recommendations of this study are intended to be used by the Solar Energy Research 
Institute (SERI) as a basis for developing long-term QA&R r,equirements and plans for PV 
power generating systems. Further, the results provide direct input into the following 
near-term SERI activities that are part of the validation methodologies development task 
of the PV performance criteria and test standards program: 

1 
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• Preparation of a glossary of QA&R terms applicable to solar energy systems 

• Establishment of realistic QA&R testing procedures and performance standards 
for solar energy systems and components 

• Development of a data analysis procedure for solar energy systems' reliability, 
maintainability, availability, and quality assurance measures 

• Development of an efficient and useful solar energy system data recovery, analy-
sis, and feedback system 

• Performance of comparative reliability assessments 

• Development of reliability prediction models and analysis tools 

• Establishment of QA&R program provisions, requirements, and validation proce­
dures. 

The study was limited to the power generating system and its components, excluding 
transmission and distribution. It concentrated on nonnuclear energy driven generating 
systems because the feeling was that the special sAfP.ty st~mdards imposed by government 
regU!ations on nuclear-fueled systems are atypical of photovoltaics; however, the bounds 
are not rigid. In some cases, practices originally instituted for nuclear power were later 
adopted in other areas; in other cases, the nuclear practices are considered valuable for 
photo vol taics. 

1.3 RATIONALE FOR STUDYING THE CONVENTIONAL ELECTRIC POWER 
GENERATING INDUSTRY 

The decision to study the conventional. electric power generation industry w·as prompted 
by three overriding considerations: 

• The industry has developed a thorough understanding of the technicalj economic, 
and sociological factors of pron11eing and distributing electric power to public 
and private users. 

• Most PV energy systems will very likely interface with present electric power 
generating facilities (utilities). 

• If photovoltaic energy systems prove economically viable, they will eventually be 
deployed on a large s~RlP. by utilities as an nlkrna.tive to nonrl::!newnblc energy 
sources. 

The conventional electric power generating industry has been successfully serving the 
electric power needs of industry and consumers for over 75 years. In so doing they have 
become knowledgeable . Ann have gained brand r.xperience in a.µµlying techniques, . 
methods, and practices designed to provide reliable, cost-effective electric power. This 
experience should be invaluable as a baseline for PV energy systems and components. 

Since residential and intermediate load center (ILC) PV systems, in all likelihood, will 
interface with utilities and, in time, may represent a significant portion of their generat­
ing capacity, utilities necessarily will strongly influence the operating, performance, and 
reliability characteristics of these systems. The use of common terminology and uniform 
practices will enhance communications and minimize interface difficulties. 

2 
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Finally, by adopting language and methods that are common to, or understandable by, the 
electric power generating industry, PV energy systems will be more readily accepted and 
deployed on a large scale by utilities to augment nonrenewable energy sources. · 

This study provides a broad understanding of the various approaches, methods, practices, 
and procedures as well as the terminology used by the different organizations and organi­
zational categories constituting the conventional electric power generating industry. 
The results will lead to a more intelligent selection and application of QA&R practices 
best suited for PV energy systems consistent with the nature of the electric power indus­
try. 

1.4 STUDY APPROACH 

The overall study approach was to: 

• Attain detailed data and information through in-depth personal and telephone 
interviews with representatives from the utilities, AE firms, manufacturers, and 
others who are active in quality assurance and reliability 

• Reduce and analyze all data and information and prepare summary findings and 
conclusions 

• Review summary findings and conclusions with applicable power generating 
industry representatives to assure accuracy and completeness 

• Develop recommendations for PV QA&R programs based on the findings and con-
clusions. 

Table 1-1 lists the information and documentation solicited to assess the scope, depth, 
organization, procedures, methods, effectiveness, and indices/terminology of the QA&R 
practices currently being applied and found effective. Organizations that provided 
information for the study are identified in Table 1-2. Technical discussions were held in 
depth with the individuals listed in Table 1-3. 

1.5 REPORT ORGANIZATION 

This report is organized into four sections. Section 2.0 presents a brief description of the 
electric power generating industry, discusses the electric power availability problem 
from the standpoint of planned . and · forced outages and the relationship to 
equipment/component reliability, and discusses the role of the utilities, AE firms, manu­
facturers, the various trade associations (i.e., EEi/NE RC and EPRI), and DOE in the 
electric power generating industry. Section 3.0 presents the results of the study. 
Included are summaries of the information collected and evaluated from the in-depth 
interviews and telephone calls that were performed during the course of the study. 
Section 4.0 presents conclusions and recommendations resulting from the study. Specific 
recommendations for the makeup of a PV reliability program are provided. Definitions 
and QA&R program elements and practices considered particularly applicable to the PV 
program are included in Appendices A through D and Appendix E contains an annotated 
bibliography of the documents collected and reviewed during the study. 

3 
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Table 1-1. INFORMATION AND DOCUMENTATION REQUESTED FOR STUDY 

(1) Management policy statements concerning quality assurance and reliability. 

(2) Organization, staffing, authority, and responsibilities of groups responsible for 
QA&R. 

(3) Reliability, maintainability, safety program plans-general and specific. 

(4) Reliability indoctrination/training programs for management, engineers, QA&R 
personnel, QC personnel, manufacturing personnel, operators, and maintenance 
personnel. 

(5) Procedures or description of methods employed in implementing reliability-oriented 
activities during engineering, testing, production, installation, and operation of 
systems.and components. 

(6) Methods and procedures for supplier reliability control. 

(7) Documentation of data feedback system in effect within the organization and any 
employed universally within the industry. 

(8) Testing methods and procedures-reliability tests, qualification tests, acceptance 
tests, etc. 

(9) Identification or copies of government and/or other standards and codes that 
control system reliability and safety. 

(IO) Technical reports of reliability analysis, testing, operations,. research, or other 
study eftorts; reliability data compilations; maintainability data compilations; 
life-cycle cost analyses and compiled data; availability and outage levels at 
custom er, etc. 

(11) Maintainence procedures, maintenance logs and forms, problem areas, etc., relative 
to system operations and maintenance. 

(12) Warranty practices-typical or standardized warranty policy. 

(13) Standard or accepted QA&R indices, terms, and definitions. 

4 
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Table 1-2. ORGANIZATIONS FURNISHING INFORMATION 

ARCHITECT-ENGINEER FIRMS 

Burns and Roe, Inc., Woodbury, NY 
Gibbs & Hill, New York, NY 
Gilbert/Commonwealth, PA 
GPU Service Corp., Middletown, PA 
Kaplan & Associates Inc., Irvine, CA 
Pickard, Lowe & Garrick, Inc., 

Irvine, CA 
Power Technologies, Inc., 

Schenectady, NY 
Stearns-Roger Engineering Corp., Denver~ CO 
Stone & Webster Engineering Corp., Boston, MA 

HARDWARE MANUFACTURERS 

General Electric, Philadelphia, PA 
c,i Hazeltine Corp., Greenlawn, NY 

Westinghouse Electric Corp., 
East Pittsburgh, PA 

TECHNICAL CONSULTANT ORGANIZATIONS 

American Electric Power Service Corp., 
New York, NY 

Associated Power Analysts, Inc., 
Bryan, TX 

Brown & Root, Inc., Houston, TX 
TRW, Inc., McLean, VA 
University of Florida, Gainesville, FL 
University of Saskatchewan, Canada 

Ill 
TECHNICAL SOCIETIES AND INDUSTRY ASSOCIATIONS Ill 

· Edison Electric Institute, Washington, DC 
Electric Reliability Council of Texas, San Antonio, TX 
Electric Power Research Institute, Palo Alto, CA 
Institute of Electrical and Electronic Engineers, 

New York, NY 
National Electric Reliability_Council, Princeton, NJ 

UTILITIES 

Investor owned, larger than 5,000 MW (U.S.) 
Alabama Power Co., Birmingham, AL 
Carolina Power & Light Co., Raleigh, NC 
Commonwealth Edison, Chicago, IL 
Consolidated Edison, New York, NY 
Detroit Edison, Detroit, MI 
Florida Power & Light, Miami, FL 
Houston Power & Light, Houston, TX 
Pacific Gas & Electric Co., San Francisco, CA 
Philadelphia Electric Co., Philadelphia, PA 

Investor owned, less than 5,000 MW (U.S.) 

Consumers Power Co., Jackson, MI 
Florida Power.Corp., St. Petersburg, FL 
Pennsylvania Power & Light Co., Allentown, PA 
San Diego Gas & Electric Co., San Diego, CA 

Other 

Bonneville Power Administration, Portland, OR 
Ontario Hydro, Toronto, Ontario, Canada 

GOVERNMENT AGENCIES 

Department of Energy, Washington, DC 
NASA-Lewis Research Center, Cleveland, OH 

N -.-
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Table 1-3. INDIVIDUALS AND ORGANIZATIONS INTERVIEWED 

J. W. Cowdery, Senior Quality Assurance Engineer, Florida Power & Light 
J.E. Vessely, Director of Quality Asmrance, Florida Power & Light 

A. D. Cooper, Quality Engineering Manager, Westinghouse Electric 
T. Soares, Quality Assurance Engineer, Westinghouse Electric 
F. S. Maszk, Senior Engineer, Westinghouse Electric 
H. S. Darvin, Manage~, Source Assurance, Westinghouse Electric 

D. Q. Bellinger, Manager, Systems Assurance, TRW 

D. Frazier, Manager, Quality Assurance, Houston Power & Light 
R. Beauboef, Houston Power & Light 

R.H. Iveson, Program Manager, Electric Power Research Institute 
W. Lavallee, Nuclear Safety Analysis Center, Electric Power Research Institute 
A. Rubio, Director, Nuclear Engineering & Operations Department, 

Electric Power Research Institute 

F. I. Denny, Director of Engineering, Edison Electric Institute 

C. Heising, Reliability Consultant, General Electric 

D. C. Purdy, Manager, Advanced Technology, Gibbs & Hill 

M. F. Cham ow, Manager, Power Plant Reliability, Gilbert/Commonwealth 
J. A. Flynn, Reliability Engineer, Gilbert/Commonwealth 
S. N. Maruvada, Senior Reliability Engineer, Gilbert/Commonwealth 

0. S. Gilkes, Senior Examiner, Quality Assurance, Consolidated Edison 
E.T. Parascos, Manager, Reliability Engineering, Consolidated Edison 
R. c. Rossi, Reliability Engineer, Consolidated Edison 

R. J. Squires, Nuclear Reliability, Commonwealth Edison 
. L. Weyers, Fossil Fuel Reliability, Commonwealth Edison 

S. S. Canja, Department of Energy 
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SECTION 2.0 

THE ELECTRIC POWER GENERATING INDUSTRY: AN OVERVIEW 

The electric power generating industry is composed of four major interrelated organiza-
tional elements: ·· 

• Utilities 

• Architect-engineer (AE) firms 

• Manufacturers and suppliers 

• DOE and industrial trade associations (NERC, EPRI). 

Figure 2-1 shows the role and relationships of these organizations. The industry's basic 
objective is to supply safe and reliable electric power to the public at the lowest cost 
while complying with service commissions and regulatory agencies. 

The life of a large power plant exceeds 40 years, and the facility requires operational 
expenditures of over $150 million/yr (ca. 1978 dollars). Figure 2-2 shows the life ·cycle 
and phase durations and expenditures for a typical large power plant. It shows that the 
majority o.f lif~cycle costs (LCC) is during operation and even though much of the 
operational cost is fixed, a significant amount varies with operation, maintenance, and 
fuel control and improvement factors. A forced outage of a major component is costly. 
The total expense includes not only the cost of repair, which is sizeable, but also the cost 
of replacement energy and, quite possibly, that of increased reserve generating capacity 
to offset a higher generating unit outage rate because of the component failure. 
Thus, Fig. 2-2 indicates that relatively small expenditures during the planning and design 
phases to improve component reliability (and lower forced outage rates) would 
substantially reduce expenditures during operation. The electric power industry, 
recognizing this leverage, directs much effort towards improving component reliability 
and overall plant performance. 

There are over 300 electric utilities in the United States with a peak demand of 100 MW 
or more. These utilities are investor-owned, municipal, federal, state, and district, or 
cooperative systems. Figure 2-3 shows the location of the largest (greater than 5,000 
MW) electric utilities in the United States in 1977. Because of the extremely large cost 
of system outages, these organizations generally have the most advanced QA&R 
engineering programs. 

2.1 ELECTRIC POWER SYSTEM DESCRIPTION 

A complete electric power system consists of generation, transmission, and distribution 
subsystems as shown, highly simplified, in Fig. 2-4. 

The generator subsystem for fossil fuel plants is composed of a boiler, heaters, a 
turbine-generator, a condenser, and various power control equipment. The transmission 
and distribution subsystems consist of cables, transformers, circuit breakers, and trans­
mission lines. This study was limited to assessing the QA&R practices applied to the 
electric power generation subsystem. 

7 
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Figure 2-5 presents a generalized schematic of an elementary fossil energy electric 
power generating subsystem. A partial list of the components and parts that make up 
this subsystem is given in Table 2-1. As indicated in Fig. 2-5 and Table 2-1, the generat­
ing subsystem is extremely complex, having a large number of different components and 
parts. Its availability depends on the reliability and maintainability of the individual 
components and parts. As the size and complexity of the generating subsystem in­
creases, the reliability of each component and part must increase. Achieving high relia­
bility is extremely difficult in view of the hostile environments in which the power plants 
must operate. 

Feed 
Water 
Heater 

Boiler 

Pump 

Super 
Heater 

Deaerator 

Turbine 

Pump 

Figure 2-5. Electric Power Generating Subsystem 

Generator 

Condenser 

Electric 
Power 

Tahle 2-1. ELECTRIC POWER GENERATING COMPONENTS AND PARTS 
(Partial List) 

Boiler 

tubes 
heaters 
economizer 
fans 
dampers 
valves and piping 
stack 
boiler controls 
cyclones 
pulverizers 
blowers 
pump::; 
compressors 
precipitators 
burners 

Turbine 

gears 
governors 
valves 
nozzle::; 
diaphragms 
shaft 
whP.P.ls or spindles 
buckets or blades 
lube system 
gaskets 
cylinders 
piping 
gears 
bearings 
pumps 
turbine controls 

10 

Generator 

stator coils 
lube system 
seals 
rotor windings 
exciter 
stator core 
voltage regulator 
collector rings 
bearings 
gaskets 
genera tor controls 

Miscellaneous 

scrubbers 
transformers 
switchgear 
pt•mps 
starter motors 
condensers 
conveyers 
controllers 
transmitters 
gauges 
manometers 
switches 
feeders 
flow meters 
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The physical environments of plant components are characterized by high temperatures 
and pressures, vibrations, and working fluids and gases that contain corrosive and erosive 
particulate matter that affects operation. The turbine-generator, for example, is 
extremely sensitive to the conditions in which it operates. This component has proven to 
be a major problem in large plants causing high repair costs and extended outage 
periods. The turbine blade is subject to solid particle erosion, water induction, and 
stress-corrosion fatigue. The generator is also subject to erosive and corrosive failures. 
Although bearing failures, which are a leading cause of turbine-generator forced outages, 
generally are attributed to inadequate design and lubrication systems, their failure 
mechanisms are accelerated by plant operating and environmental stresses. 

2.2 SYSTEM AV AILABil.ITY 

The availability of electric power to meet load demands is a prime consideration in eval­
uating power generating systems. Availability engineering concepts and techniques are 
applied to assess the performance of major components, to aid in the modification of 
operating systems, and to help design new systems. Past experience, expressed as outage 
frequency and duration, is used to identify availability-related deficiencies in hardware, 
software, and personnel actions as well as to assess system availability. Corrective 
actions that can achieve an availability goal, while considering potential savings and 
costs, are identified through availability analyses. Controls that must be imposed to pre­
vent degradation during installation and operation and maintenance are also identified 
through availability analyses. Availability engineering involves performing systematic 
and highly disciplined efforts to set and achieve a quantitative availability goal at min­
imum cost. 

2.2.l Availability Indices (or Measures) 

Availability, usually expressed as a percentage, is a figure that reflects the ability of an 
item to meet its intended duty cycle. It is the percentage of time that an item is neither 
forced nor scheduled out of service. Formulas used to analyze availability include: 

where 

Operating Availability = (AH/PH) x 100 

AH - (EFOH + ESOH) 
Equivalent Availability=------~-­

PH 
X 100 

FPOH x (size of reduction) 
EFOH (equivalent forced outage hours) = ------------­

rated capacity 

11 
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and 

SPOH x (size of reduction) 
ESCH (equivalent scheduled outage hours) = -----------­

rated capacity 

Capacity Factor = 
Total generation in MW /h 

PH x MDC 

FOH 
Forced Outage Rate = ---- x 100 

SH+ FOH 

X 100 , 

Availability parameters are defined as follows: 

Available Hours (AH) 

Forced Outage Hours (FOH) 

Forced Partial Outage 
Hours (FPOH} 

Maintenance Outage 
Hours (MOH) 

Period Hours (PH) 

Planned Outage Hours 
(POH) 

Reserve Shutdown 
Hours (RSH) 

Maximum Dependable 
Capacity (MDC) 

= The time in hours during which a unit or major 
equipment is availoble. 

= The time ih hours during which a unit or major 
equipment was unavailable due to a forced 
outage 

= The time in hours during which a unit or major 
unit or major piece of equipment is unavailable 
for full load due to a forced partial outage. 

= The time in hours during which a unit or major 
piece of equipment is unavailable due to a 
maintenance outage. 

= The clock hours in the period under 
consideration. 

= The time in hours during which a unit or major 
piece of equipment is unavailable due to a 
planned outage. 

= Reserve shutdown duration in hours 

= The dependable main-unit capacity in winter, 
or summer, whichever is smaller. 

12 
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Scheduled Partial 
Outage in Hours (SPOH) 

Service Hours (SH) 

= The time in hours during which a unit or major 
piece of equipment is unavailable for full load 
due to a scheduled partial outage. 

= The total number of hours the unit was 
actually operated with breakers closed to 
the station bus. 

These equations and parameters have been defined and used by NERC/EEI in their avail-
ability data reporting system. · 

Analyses are performed, in general, by the utilities to estimate vaiues for 
system/component availability (operating and equivalent) and capacity factor. The 
operating and outage experience found in the utilities' internal data banks and/or NERC's 
availability data reporting system are used as input to the analyses. These analyses 
account for frequency, duration, and effect on output power of the major outages and the 
various modes of operation. An availability model is developed as part of the analysis 
that allows combining the various outage rates and other parameters associated with 
each of the subsystems and components that constitute a power generating unit. 

Many utilities also use a loss of load probability (LOLP) criterion in analyzing power 
plant availability. LOLP represents the expected number of days for a given time period 
during which system load may exceed available generating capacity within the system . 

. LOLP accounts for installed capability relative to peak annual load and is especially 
useful for power plant planning and component design trade-off studies because it is sen­
sitive to the sizes and outage rates of the individual generating units, the annual load 
profile, maintenance scheduling, and load forecast derivations. A one-day loss of load in 
ten years is the generally accepted industry standard. 

2.2.2 System and Component Outages 

The availability of a power generating system is a direct result of both planned and 
forced outages. The result is that the total power required at any particular time may 
not be available and must be produced by other, perhaps less economical, units in the 
plant or purchased at higher cost from neighboring systems. 

2.2.2.1 Planned Outages 

Planned outages include normal maintenance, inspections, and equipment overhauls at 
specified time intervals. Typically, planned maintenance (PM) procedures and schedules 

· are recommended by the manufacturer and followed at the discretion of the utility 
depending on their own experience and judgment to guide PM priorities. These planned 
outages generally follow a pattern of increasing complexity, depending on the operating 
times accumulated by the unit. For example, four principal areas of inspection for a gas 
turbine unit include: 

13 
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• Service Inspection-General operating condition is inspected including automatic 
controls, gas turbines, and associated equipment. Usually performed monthly. 

• Combustion Inspection-Includes entire combustion chamber and some portions of 
the hot gas path. Usually performed quarterly. 

• Hot Gas Path Inspection-May require removing turbine cover for detailed 
inspection of turbine blading. Stops short of pulling the turbine rotor. 

• Major Inspection-Includes all of the above aspects of maintenance with the 
removal of the turbine rotor and complete bearing inspection. 

The time required to complete each ranges from several hours for a combustion inspec­
tion to several weeks for a full turbine overhaul. 

2.2.2.2 Forced Outage Rates 

Forced outages occur when equipment malfunctions interrupt equipment usage during 
normal operating periods. Forced outages include such things as emergency tripouts, 
unscheduled shutdowns, and failure to start. Each piece of equipment or component in an 
electric generating unit has an associated historical forced outage rate (FOR) that con­
tributes to total unavailability. Most large utilities implement a computerized data col­
lection and recovery system to provide historical FORs that reflect their specific operat­
ing experience and environmental characteristics. In addition, NERC collects and 
publishes industry-wide generic FOR data (see Sec. 3.4). As previously indicated, 
historical FORs and duration times are essential in computing and evaluating electric 
power generating availability. FOR data provides the utilities with a basis for assigning 
priorities, conducting life-cycle cost/benefit studies, and implementing product/ 
component programs. Although FORs for power generating systems and components vary 
widely with plant location and operational factors, the NERC data shows that across the 

· industry, the turbine-generator and boiler account for about 90% of the forced outage 
hours and all other components constitute the remaining 10%. This accounts for the 
priority given by the utilities, manufacturers, and EPRI to improve the reliability of the 
turbine-generator and boiler. 

Electric-power generating units and components generally exhibit an increasing failure 
(or forced outage) rate as they age, in contrast to electronic components, which exhibit 
constant failure rates. Thus, with power generating units and components, it is benefi­
cial to inspect (using NDT techniques) for indications of failure as part of the overall 
maintenance program. The intent is to reduce the frequency of forced outages and the 
need for corrective maintenance by replacing components whose performance and phys­
ical attributes are beyond predetermined acceptance levels (derived from failure rate 
studies) and would fail during use. A trade-off exists between preventive and corrective . . 

maintenance, and cost/benefit analyses can be and frequently are performed to deter-
mine the optimum maintenance program. 

2.2.3 Availability Improvement ApProaches 

Availability requirements or goals are met by reducing the frequency and duration of 
outages. Table 2-2 lists some of the general design techniques that are considered in 
reducing outages. 

14 
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Table 2-2. REUABILITY AND MAINTAINABILITY IMPROVEMENT ATTRIBUTES 

Reliability 
(reduces outage frequency) 

1. Select parts, components and equipment of proven reliability and durability. 
2. Derate parts and components. 
3. Use carefully designed-in redundancy where feasible and cost-effective. 
4. Apply well planned and documented reliability testing, including reliability 

growth, demonstration, and acceptance. 
5. Apply effective reliability controls, disciplines, and provisions during 

equipment/ component development. 
· 6. Specify adequate and consistent quality controls to ensure that the inherent 

reliability is maintained during construction. 
7. Perform ongoing monitoring of supplier activities to ensure adherence to 

reliability and quality requit·ements. 
8. Analyze failures with rapid feedback for correction. 
9. Redesign to simplify equipment and eliminate areas of unreliability. 

Maintainability 
(reduces outage duration) 

1. Design to incorporate easily accessible and interchangeable components, 
modules, assemblies, and equipment. 

2. Provide automatic detection, location, and diagnostic features to the 
maximum extent possible. 

3. Provide features to increase ease of maintenance such as work platforms, 
hoists, proper tools, etc. 

4. Provide automatic scanning of selected measures of performance. 
5. Define areas for preventive maintenance based on failure trend data. 
6. Determine maintenance load based on trend diagnostics and field outage 

data. 
7. Apply effective maintainability engineering analysis, controls, and provisions 

during equipment/ component development. 
8. Perform carefully planned and documented maintainability tests. 
9. Specify an effective maintenance environment in terms of lighting, temperature 

and humidity control, odor and sound control, and cleanliness. · 
10. Prepare accurate, easy to read, and concise maintenance procedures. 
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Electric power plant equipment and components may fall into one of two categories: 

• Large, expensive, hard-to-replace items, such as boilers, turbine-generators, and 
condensers, that are customized to meet the requirements of the individual util­
ity and where much of the final fabrication is accomplished on-site during plant 
construction 

• Small, numerous items, such as transformers, overload protectors, terminations, 
cabling, valves, and various electronic control equipment, that are somewhat 
standard and common to many power plants. 

The category into which an item falls usually dictates how availability is controlled and 
improved and how the frequency and duration of outages are reduced. 

R&M engineering analysis and methods are used to predict the frequency of failure 
(reliability) and the duration of the failures (maintainability) and to identify areas where 
·design improvements can be made most cost-effectively. Many analysts methods are 
available; they differ in the level of part and component attribute data required for their 
application. Figure 2-6 depicts some of these procedures and illustrates when they are 
applied during the development of a power plant generating unit to meet (or improve) 
availability goals. The figure shows that as the development program progresses, relia­
bility allocation, prediction, and availability analysis, as part of an overall iterated pro­
cess, are continually updated to reflect the more detailed level of hardware definition. 
Reliability techniques appropriate to each level of design and some of the data necessary 
to support the application of the particular technique are indicated. 
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Figure 2-6. Reliability/ Availability Methodology 
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SECTION 3.0 

RESULTS OF THE STUDY 

The QA&R efforts practiced by the electric power generating industry are driven by the 
need to reduce costs. Efforts focus on increasing productivity by reducing plant down­
time and offsetting rising costs. The QA&R programs generally include minimum stan­
dards of quality and reliability in the purchase, construction, and operation and mainte­
nance of the facilities. 

QA&R responsibilities and activities are broad, covering a wide range, but for analysis 
purposes may be considered to fall· within the major areas shown in Table 3-1. This chart 
was developed from information collected from organizations (particularly utility 
companies) contacted during the study that were active in quality assurance and 
reliability. 

Table 3-1. QUAIJTY ASSURANCE AND RELIABILITY PROGRAM ACTIVITIES 

Manufacturing Audit and Surveillance: On-going audits and surveillances that ensure the 
adequacy of QA programs 

Standards S ecifications and Guidelines: formal documents that aid in procuring new (or 
replacement units or components 

Lif e-C~cle Cost Benefit Analysis: Support costs as well as initial costs considered in 
evaluating the effectiveness of an item, process, or requirement 

Reliability Indoctrination and Training: Formal training in the application of basic QA&R 
tasks 

Availability Assessment and Analysis: Analytical methods that evaluate availability 
based on system modeling (R&M, LOLP, capacity factors, etc.) using historical data 
forced/planned outage rates 

Quality Engineering: Organized efforts that assure that manufactured equipment, 
components, and materials are in compliance with specified requirements 

Reliability Engineering: Support designed by performing systematic and timely 
management and engineering activities (prediction, FMEA, design review, etc.) to ensure 
reliability · 

Failure Analysis: The determination of root causes of operational failures for feedback to 
design for corrective action 

Data Recovery and Feedback (internal): O&M data collected for feedback to 
management and design 
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All organizations contacted implement efforts that ensure the quality and reliability of 
the power generating units and equipment. The formality, scope, and rigor of the pro­
gram vary greatly with each organization and its functional responsibility. In general, 
the industry (as shown in Table 3-1) emphasizes problem resolution. It performs audits 
and quality engineering activities and analyzes and corrects operational failures and 
maintenance problems as they arise. The more advanced organizations, in terms of 
reliability, are adopting a preventive approach and are implementing a full and 
comprehensive QA&R program that includes developing standards, specifications, and 
guidelines; performing availability assessments, reliability predictions, design review, 
Failure Mode and Effect Analysis (FMEA), and Fault Tree Analysis (FTA); conducting 
formal reliability training; auditing and surveying supplier programs; analyzing failed 
components; and conducting quality engineering activities. Some of the reliability 
activities have been initiated on a formal basis only within the past two to three years. 
Many organizations operate an internal, dedicated reliability data recovery and feedback 
system as well as participating in NERC's industry-wide generic data collection and 
feedback system. Most of the organizations contacted maintain a formal quality 
assurance (or quality engineering) function; approximately half also maintain a separate 
reliability organization, while a fairly small percentage maintains a combined reliability 
and quality function. Staff sizes range from a few to over 200, with the majority 
assigned to quality assurance activities. 

Sections 3.1 through 3.5 characterize the QA&R efforts practiced by utilities, architec­
tural engineering firms, manufacturers, electric power industry trade associations, and 
DOE, based on information attained from interviews, telephone calls, and mailings con­
ducted during the course of this study. Brief descriptions of techniques considered 
particularly applicable to the PV reliability program are presented. 

3.1 UTILITY QA&R PRACTIC:ES 

Audits and surveillances of manufacturer's QA&R programs are performed by most util­
ities. Many utilities consider this the most effective activity for identifying and correct­
ing problems prior to product acceptance. Various techniques have been developed and 
implemented for performing manufacturing audits and surveillances. For example, the 
Bonneville Power Administration (BPA) has developed a detailed quality assurance report 
that they use to survey their contractors. This report provides for a complete evaluation 
of a contractor's ability to perform. It provides criteria for determining the adequacy of 
quality assurance elements including receiving inspection, fabrication control, process 
control, drawing control, inspection and test procedures, nonconforming material 
records, information feedback, etc., and leads to a complete contractor evaluation pro­
file. The report provides preaward surveys as well as follow-up factory surveillance. 
BPA's report form and specifications covering its overall quality program requirements 
are given in Appendix C. 

Standards and guidelines used as aids in determining consistent and cost-effective QA&R 
specifications for procuring generating units and components (new or replacement) are 
prepared as a formal activity by approximately half the utilities sampled. Procurement 
specifications generally include QA requirements, controls, and provisions. Although a 
few of the utilities specify reliability requirements and control provisions, quantitative 
reliability requirements are normally not (or not extensively) included in procurement 
specifications. Many utilities have developed quality standards for contractors that they 
incorporate into their procurement specifications (e.g., BPA-see Appendix C). 
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Consolidated Edison has developed specific QA requirements for their manufacturers 
based on Military Specification MIL-Q-9858.* A matrix (see Appendix D) is used to 
delineate four separate levels of quality assurance effort required of their supplier. 
These levels of effort are specified as: Levels A, B, C, and D. Level A, the highest level 
of effort required, is normally used for those components requiring a special quality 
assurance plan covering design, manufacturing, and inspection quality control. Level D, 
the lowest level, covers the great majority of standard, noncomplex articles where 
in-process and end-product inspections provide adequate assurance of quality. In this 
case, inspection control alone is specified. Levels B and C are intended for intermediate 
levels of QA effort. Level E, a fifth level which is not covered by a specification, is 
intended for equipment and supplies that do not require a formal quality assurance 
effort. Specific definitions for each of the levels are given in Table 3-2. 

Ontario Hydro has developed a similiar matrix for structuring reliability programs. The 
equipment is classified in terms of criticality, maturity of design, operational experi­
ence, and experience with the manufacturer; the level of reliability programs are applied 
accordingly (see Table 3-3). They also include a reliability (and maintainability) clause in 
their technical specifications (Walters 1979). The clause reflects the reliability level 
that matches the equipment class, criticality, and experience factors, and it provides 
specific quantitative and qualitative reliability requirements and program documentation 
and acceptance requirements (see Table 3-3). A description of these requirements is 
given in Table 3-4. 

Life-cycle cost (LCC) benefit analyses are performed by several utilities to compare 
competing designs or perform design trade-offs for new procurements or to evaluate the 
effect of changes to existing systems or components. BPA, for example, is applying LCC 
analysis for overall cost-effectiveness to determine the extent and level of reliability to 
specify during procurement (Vanderzanden 1980). This concept (see Fig. 3-1) allows early 
quantitative trade-off analyses between initial acquisition cost and recurring support 
cost to determine the desired degree of performance reliability (and maintainability). 
The intent is to determine the value of reliability that would minimize total LCC and 
then incorporate that value directly (or indirectly through required qualitative design 
f ea tu res or attributes) into the hardware procurement specification or possibly to use as 
the basis for establishing a warranty agreement. 

Figure 3-2 illustrates (conceptually) the LCC trade-off concept. The figure shows that 
as equipment is made more reliable (all other factors held constant), the support cost will 
decrease since there are fewer failures. At the same time, initial cost must be increased 
to attain the improved reliability. At a given point, the amount of money spent on 
increasing reliability will result in exactly that same amount saved in support cost. This 
point represents the reliability for which total cost is minimal. Consequently, reliability 
can be viewed as an inveslnlent for which the return is a substantial reduction of support 
cost. 

Figure 3-2 also shows that a reliability improvement profit incentive exists if a warranty 
is incorporated into the contract where the manufacturer provides repair and replace­
ment of failed equipment for a specified period at a fixed price. 

*MIL-Q-9858, "Quality Program Requirements," is the basic standard for planning quality 
programs for Department of Defense development and production contracts. It outlines 
provisions to ensure appropriate levels of quality over the development and production 
cycle through effective management action. 
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Table 3-2. QUALITY CONTROL LEVEL DEFINITIONS 

Level A 

A piece of machinery, equipment, structure, or part thereof whose design is such that a· 
significant extension of the state of the art will be necessary to produce the item. Such 
items will require extensive design work and a special quality assurance effort. 
Therefore, Level A requires quality assurance controls in the design area as well as 
manufacturing, procurement, and inspection control. A specifically tailored quality 
assurance plan is also required to ensure that adequate quality control measures are 
utilized in areas where a state-of-the-art extension is needed to develop and 
manufacture the equipment. An example of the type of equipment requiring Level A 
quality assurance effort is a generator having a rating significantly larger than 

. generators previously built or a turbine whose final stage blade height is larger than 
previously provided for utility power generation applications. 

Level B 

A piece of machinery, equipment, structure, or part thereof whose design is such that a 
significant design effort will be necessary to produce the item. Therefore, control of 

· design activities is required along with procurement, manufacturing, and inspection 
control. The plant-wide quality assurance program is specified in this case since the 
equipment would be similar to equipment previously produced by the seller and a 
tailor-made plan would not be required. An example of the type of equipment requiring 
Level B quality assurance effort is a substation transformer where the size, rating, or 
physical restrictions require extensive design. 

Level C 

A piece of machinery, equipment, structure, or part thereof that is the seller's standard 
product and is of sufficient complexity to merit quality control of manufacturing 
procurement and inspection functions using the seller;s plant-wide quality assurance 
program. An example of the type of equipment requiring Level C quality assurance 
effort is a standard design boiler t'eed pump. 

Level D 

A piece of machinery, equipment, structure, or part thereof that is the seller's standard 
product and is simple in nature and can be inspected and tested during and at the 
completion of manufacture. Therefore, Level D requires inspection control only in 
accordance with the seller's standard inspection plan. An example of the type of 
equipment requiring Level D quality assurance effort is the transmission line insulator 
where final testing can verify acceptable quality. 

Level E 

Equipment and supplies that do not warrant a formal quality assurance effort. 

Source: Consolidated Edison (1972). 
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Table 3-3. ONTARIO HYDRO RELIABILITY PROGRAM MATRIX 

Equipment Class * 

Program Description l 2 

1.0 Program management 
1.1 Organization A A 
1.2 R&M program plan A B 
1.3 R&M program review A B 
1.4 Reliability training A B 

2.0 Program elements 
2.1 General A B 
2.2 Design description, specification A A 

and requirements 
2.3 Data collection-field experience A A 

feedback 
2.4 Reliability analysis A B 
2.5 Reliability prediction A B 
2.6 Maintainability 

2.6.1 Maintainability design A B 
2.6.2 Maintenance monitoring A· B 
2.6.3 Maintenance strategy A A 

Including role of service, 
organization, spare parts 
provisioning and manuals 

2.7 Human errors A B 
2.8 Design reviews A B 
2.9 Standardization of design practice .A B 
2.10 Decisions A B 

3.0 Testing 
3.1 Test program and purpose A B 
3.2 Measurement A B 
3.3 Data A B 

4.0 Program evaluation 
4.1 Initial evaluation A B 
4.2 Continual evaluation A B 

*Equipment Class 
I - Ma1or 
2 - Rotating 
3 - Stationary 

Depth of R&M Activities 
Level A. Extensive application, well developed separate function 

B. Application done selectively on areas identified as weak 
or critical 

C. More limited and selective than level B 

Source: R, J. Walters (1979), 
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·Table 3-4. ONT ARIO HYDRO RELIABil.ITY AND MAINTAINABil.ITY 
SPECIFICATION REQUIREMENTS 

1. Quantitative and qualitative R&M requirements. These include quantitative 
requirements for Availability A, starting Reliability Rs, and running reliability Rr· 

Qualitative requirements for those features that are definite requirements. 

2. R&M program requirements. The essential elements of an R&M program are: 

• Corrective action program 

• Failure analysis and predictions 

• Maintenance and maintainability analysis 

• Design reviews 

• R&M test programs 

• Standardization 

• Spare parts program and service organization 

• Subcontractor program and control 

The elements required in the program depend on the maturity of the equipment 
design, operational experience with the equipment, and familiarity of the designer 
with the supplier and equipment. Less maturity, less operational experience, and less 
familiarity of the designer with the equipment, will necessitate a more extensive 
program. 

3. Data/document required. Information required of the (prospective) supplier before 
and after the award of contract should be specified herein. Typically, the following 
information should be submitted with the tender: relevant operational experience; 
description of supplier's R&M program; prediction of parameters such as A, R5, and 
Rr, for the tendered equipment; recommended preventive maintenance schedule; 
recommended spare parts; and a description of the supplier's service organization and 
its capabilities. 

Information that the supplier is to supply after the award of contract should include 
the following: R&M program schedule, showing key milestones like design reviews, 
failure analysis, reliability tests, etc.; documentation of failure analysis . and 
prediction; design review input and output packages; recommended maintenance 
schedule; spare i;:,arts list; test plans; test resultc;; and operation and ma.intenance 
(O&M) manual that includes a trouble-shooting guide, etc. 

4. Acceptance test requirement. Requirements for test· to . demonstrate R&M 
performance such as starting reliability and running reliability should be specified. 

Source: T. J. Ravishankar {1980). See Bibliography. 

22 



S:~l 1-1 __________________ T_R_-7_84 

Casi 
Effectiveness 
Performance 

-----, 

Evalua1ions 

Purchase Price 
Design 
Development 
Fabrication 
Test 
Installation 
Documentation 

Operation 
C:nst 

Losses 
Impedance 
Oil 
Noise 
Scheduled 

Maintenance 
Etc. 

Unavailability 
Cost 

Forced Outage 
Costs 

Repair/Replace­
ment 

Replacement 
Energy 

Increased Reserve 
Spares (including 

transformers) 
Support ·Test 
Transportation 
Training 

Disposal 

Disposal 
Cost 

Analysis 
Extend L:ife 
Salvage 
Disposal Cost 

Forced Outage 
(Operational 
Availability) 

Reliability 

Maintainability 

Repairability 
Serviceability 
Supportability 

I 
I 
I 
I 
I 

I 
-- - __ _J 

L---------------------------~ 

Figure 3-1. System Cost-Effectiveness-Performance Concept 

ti 
0 
(.) 

0 

\ 

t+-- Minimum 
acceptable 
reliability 

,,Profit area 

.... ----
Reliapility (MTBF) 

Contract price# 

If.Support Cosf 

-------

Figure 3-2. Effect of Reliability on Initial and Support Costs 

Design 
Capability 

FPL Power Generating Reliability Input-Output Model 

23 



- TR-784 S:~l ,fl,------------------------------

Although the utilities generally conduct O&M training programs, only a few of the utili­
ties contacted currently conduct formal indoctrination and training in the application of 
basic reliability and quality assurance tasks. Consolidated Edison is one of the utilities 
that stresses reliability training. They have developed a comprehensive reliability, avail­
ability, and maintainability (RAM) engineering training program. The program covers the 
fundamentals of RAM including definition of terms, reliability statistics, system eff ec­
tiveness, design review, specification, LCC analysis, FTA, failure mode and effect analy­
sis, and failure analysis. Training material, including three volumes of text material, 
reference papers, definitions, illustrations, and examples, has been prepared and is used 
for the. training course. The course is conducted on a regular basis and is given to engi­
neers, QA&R personnel, O&M personnel, management, and others who are active or are 
interested in reliability. 

1t should be noted that organizations that conduct QA&R training also appear to adopt a 
more preventive approach to assuring reliability and, consequently, these organizations 
also perform activities such as reliability prediction, FMEA, and LCC benefit analysis, as 
well as incorporating reliability requirements into their basic procurement specifications. 

The availability of electric power to meet load demands is continually assessed and 
analyzed by most utilities. Availability analyses are based on system outage rates 
(forced and planned) compiled by the utilities and supplemented with industry-wide data 
from NERC. These assessments provide an effective and viable basis to correct and 
improve the plant/system. Other analyses performed by many utilities during the design 
and development of new systems/components assess availability based on system reliabil­
ity prior to actual plant operation. These analyses use generic historical data at the 
component level derived from the utilities internal and/or NERC data collection 
systems. They assess reliability (at start-up as welt as when running) and identify prol:r 
lems during development when corrective changes can be implemented most cost-effec­
tively. These predictive efforts provide inputs for budgeting program activities, develop­
ing LCC estimates, and performing LCC benefit studies. Standard reliability prediction 
techniques and other reliability analyses, including FMEA, FTA, and design review 
adapted from aerospace programs, are performed during system planning and design and 
during plant construction to ensure reliability. Florida Power and Light (FP&L), for 
example, has developed an overall reliability method (called an input-output model) that 
incorporates prediction, FMEA/FTA, and other techniques that are applied to new power 
generating equipment (Zagursky and Pillar 1980). Application of this procedure starts at 
early design planning and ends with the preparation of operation and maintenance 
procedures. Figure 3-3 shows the model and describes the activities. 

Several utilities have established formal failure analysis programs to determine the root 
cause of failure. In general, the analysis is supplementary to that performed by the man­
ufacturers. Manufacturers generally provide an analysis of equipment that was repaired 
and replaced. Utilities, many times working with the manufacturers and outsiciP. fRil11re 
analysis labs, perform detailed analysis that leads to improved equipment or component 
design based on failure trends. 

Failure analysis is initiated by identifying trends, patterns, or problem areas through con­
tinuous assessment and evaluation of equipment/component reliability performance. As 
indicated in Table 3-1, most utilities have internal data recovery and feedback systems. 
The objectives of these systems are to continually assess the availability of the 
generating units and their major equipment and components and, as previously indicated, 
to provide information concerning failures, performance degradation, trends, patterns, or 
potential problems so corrective action can be initiated. EEI/NERC definitions are 
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1• 

2 3 

4 

4b 4c 

1. Determine Availability Requirements 
(Goals) - Base on economics and 
consideration of actual availability 
achieved under similar conditions. 

9 

5 

1a. Monitor External Forces - Regulatory 
requirements may dictate plant avail­
ability goals. 

2. Prepare Allocation Model - Construct 
model consistent with data available 
and design stage. 

. 3. Allocate Goals - Allocate system goal 
to sub-elements. 

4. Process Data - Data used as predictive 
input in subsequent an.alyses. 

4a. Industry Data - Compiled from various 
sources such as NERC/EEI, NPRDS, 
and Institute of Electrical and 
Electronic Engineers. 

4b. Vendor Data - Used preferentially 
when they can be verified. 

4c. Plant Data - Information on Product 
performance in the O&M environment. 

5. System Failure Analysis (FMEA/FTA)­
ldentify the effects of possible failures, 
faults, or mistakes. 

6. System Reliability Assessment -
Combin·e the allocation model and 
system failure analysis to provide a 
means for predicting R. 

7. Identify Problem Areas (critical items 
list) - Base on failure analyses and 
numerical predictions. 

8 

6 

7 

11 

10 

12 

13 

9. Develop Corrective Action - Develop 
Corrective action plan based on in­
formation derived during the critical 
item reviews. 

10. Implement Corrective Action - In­
crease availability by changing one 
or more of the following: 
• Hardware 

- Component/system service equip-: 
ment reliability 

- Maintainability/accessibility 

- Spares/redundancy 

• Software 

- Installation/start-up/test pro-
cedures 

- Maintenance schedules 

- Repair and overhaul procedures 

- Inspection intervals and instruc-
tions 

• Personnel 

- Skill levels and training 

- Motivation 

11. Reliable System Design - Changes in 
design configuration components must 
be fully documented. 

12. Reliability Requirements in Procure­
ment Specifications - Write to ensure 
that procured equipment can meet its 
availability goal in terms of its R&M 
ability characteristics. Wherever pos­
sible, quantitative requirements should 
be specified. 

13. Improved O&M Procedures - Operator 
8. ?on_duct Cri.tic~I Item Reviews - error can dcfcot the best intentions 

Review periodically. in engineering design. 

Figure 3-3. Florida Power& Light Power Generating Reliability Input-Output 
Model 
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generally used for data reporting and feedback. The basic failure data is reported from 
each plaht via failure reports completed by the plant operator. 

FP&L, for example, is implementing a comprehensive data collection and feedback 
system called Generation Equipment Management System (GEMS) (Vessely and Cowdrey 
1980). GEMS translates a plant work order into various computer codes that provide 
information as to plant unit, specific equipment involved, major and minor equipment 
codes, action taken, manufacturers, reason/root cause codes, outage hours, power 
curtailed (in MW), man-hours spent in repair, ma.terials and their costs, and contractor 
cost. These data have provided an essential starting point for improvement efforts. 
GEMS was established in 1971 and tied to work orders in 1972. This system currently has 
over 350,000 records in its data base and routinely issues over 1,200 reports annually on 
request plus hundreds of routine reports. 

f'ai1ure (or defect) reports have been designed to reflect the characteristics and potential 
failure modes of the major equipment and components used in the generating units. Con­
solidated Edison has developed individual and highly detailed forms for each of the uiajoL' 
components and pieces of equipment that make up an electric power generating system; 
others have developed generic forms common to all equipment and components. 

Various methods are used to report data. Figure 3-4 shows the form used by FP&L in 
reporting unit availability. Data analysis reports, such as FP&L's, provide information 
that can be used for designing new units and equipment as well as establishing priorities 
for reliability failure analysis projects, which identify root causes and establish correc­
tive or improvement programs. Many times only a few components or problem areas 
account for most of a system's unavailability. Data collection and feedback identify 
these critical components and problem areas. 

3.2 ARCIIlTECT-ENGINEER FIRM QA&R PRACTICES 

The architect-engineer (AE) firms address QA&H as an integrA.l part of the plant design, 
development, and facility construction process. ~A&.R efforts include establishing min­
imum requirements for quality and reliability in the engineering desig-11 documentation 
and construction operations. 

AE firms generally implement efforts to ensure that power plants and the generating 
units and components are designed, developed, and constructed to meet the minimum 
standards for quality and reliability. The formality, scope, and rigor of the programs 
vary wideJy, SomP. firms OP.VP.lop a full a.nd comi;,rehensive program that includes manu­
facturer auditing and surveillance, training; availability analysis and LCC-benefit stud­
ies, failure analyses, and data recording and feedback. Others concentrate on availabil­
ity analyses, risk analysis, and cost trade-off studies. Most firms contacted emphasize 
the selection and specification of quality material am.l components and the application of 
controls and high quality workmanship during fabrication and construction. However, 
they are increasingly concerned about reliability engineering and controls, particularly in 
determining and incorporating cost-effective quantitative requirements into plant design 
and specification documents. Those firms that stress reliability perform detailed relia­
bility, availability, and LCC trade-off studies to determine optimum design require­
ments. The trade-offs include: 

• Reliability level versus LCC (initial cost versus support cost) 
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• Preventive maintenance versus corrective maintenance (planned outages versus 
forced outages) 

• Reliability design features and cost attributes 

• · Maintenance design features and cost attributes 

• Extent of reliability engineering and test program. 

AE firms rely on availability data (such as that from EEI/NERC) to perform the 
trade-offs and develop their plant designs. 

Staff sizes range from a few in small organizations to over several hundred in the larger 
firms with the emphases primarily on quality assurance and analysis techniques for 
improving plant availability. Numerous technical articles have been prepared covering 

· availability (and reliability) analysis techniques. Appendix E lists articles collected and 
reviewed during this study. 

3.3 MANUFACTURER QAc!cR PRACTICES 

The major manufacturers of electric power systems, equipment, and components plan and 
implement programs for ensuring basic quality and reliability of their products. The 
scope, methods, and rigor of the programs vary widely. The QA&R programs generally 
include performing highly disciplined engineering tasks to assess, identify, and correct 
design problems; applying special tests designed to improve reliability during develop­
ment; and implementing quality control provisions to ensure reliability during 
system/component fabrication and plant construction. The scope of the manufacturers' 
activities is broad and includes the following interacting quality and reliability engineer­
ing elements: 

• R&M design 

• FMECA 

• R&M prediction 

• Critical item control 

• Design review 

• Failure reporting, analysis, and corrective action 

• Reliability development (growth) testing 

• Supplier audit and surveillance 

• Configuration management 

• Reliability demonstration 

• Reliability acceptance 

• Data reporting and feedback. 

Most large equipment manufacturers rely on their own data (or data on their equipment 
and components provided by the operating utilities) in planning and implementing quality 
and reliability activities; they ge.nerally do not use broad generic data, such as that 
available from EEI/NERC. Emphasis is on identifying problems and corrective design 
action. 

28 



TR-784 S:~l ,-1 --------------------------
In general, manufacturers' quality engineering (QE) programs include systematic and 
timely management activities, engineering tasks, and controlled tests. The essential 
elements of their QA program are: · 

• Performance of detailed quality analysis, planning, and cost trade-off analyses 

• Definition and implementation of a quality management and control program 

• Application of systematic and highly disciplined quality engineering tasks during 
development and production that includes vendor selection, auditing, quality con­
trol, monitoring, inspection, and change control activities to identify and correct 
problems prior to equipment/component release for facility installation and 
operation , 

• Implementation of a field quality assurance follow-up program providing controls 
and procedures that allow a smooth transition from the manufacturing environ­
ment to the plant facility without degrading its reliability/quality level and that 
emphasize nondestructive testing at critical stages in the manufacturer/ 
construction/operation process. 

Quality requirements generally are derived from Military Specification MIL-Q-9858, 
which includes provisions covering: 

• Quality program management 

organization 

initial quality planning 

work instructions 

records 

corrective action 

• F acili ti es and standards -

drawing, documentation, and changes 

measuring and testing equipment 

production tooling used as medium of inspection 

use of contractor's inspection equipment 

advanced metrology requirements 

• Control of purchases 

responsibility 

purchasing data 

• Manufacturing control 

materials and material control 

production processing and fabrication 

completed item inspection and testing 

handling, storage, and delivery 

nonconforming material 
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• Statistical quality control and analysis 

indication of inspection status. 

Although the specific requirements for each new generating unit or component are pecu­
liar to that item, the approach to quality assurance for a given item varies somewhat 
with each manufacturer where the degree of applications is sometimes determined 
through cost/benefit analysis. There are numerous examples of the considerations and 
analyses made by manufacturers to develop an optimum plan for a given generating unit 
or component. These include: 

• Sampling versus 100% inspection 

• Extent of quality control during design and manufacturing 

• Defect analysis and rework program 

• Inspection level and expertise 

• Special test and inspection equipment, fixtures, gauges, etc., versus general pur-
pose equipment 

• Prototype test and inspection versus full production control 

• Quality of purchased material 

• Extent of quality control audits and vendor surveillance 

• Extent of new destructive testing. 

Appendix E lists several papers that describe manufacturers' QA programs . 

. Many manufacturers also implement a reliability engineering program. Although a few 
organizations maintain a combined QA&R function, the reliability engineering program 
normally operates as a separate entity. The objectives of a manufacturer's reliability 
engineering program are to support design and development Rnd help P.StRhlish rP.liRhility 
that will meet specified requirements, to ensure that the "designed-in" reliability levP.l is 
not appreciably degraded during fabrication and facility construction, and to track and 
control reliability throughout contract performance. 

A major manufacturer's reliability engineering program, like its QA engineering program, 
is composed of systematic and timely management activities and engineering tasks. The 
essential elements of a typical reliability engineering program are: 

• Performance of ddailed reliability analygeg and co,5t trade-off studies to estab­
lish optimum reliability and maintainability designs and parameters consistent 
with Gpccificd rcquircm cnto during oyotcm de3ign~ 

• Definition and implementation of a. teliauility 111i11mgt:!1111:ml i111<..l cunlrul 
program. This program enables reliability personnel to influence design, provide 
timely outputs consistent with major designs and program decisions, and provides 
the means to develop power generating units and components that meet require­
ments cost-effectively. 

• Continual application of systematic and highly disciplined reliability engineering 
tasks during the design phase to identify and correct problems prior to hardware 
build-up. 
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• Early reliability development and verification testing of critical.equipment and 
components. The test program emphasizes failure analysis and corrective action 
and is based on a test cycle that reflects the actual power plant environments, 
including mechanical (vibration) stresses and temperature/humidity extremes. 

• Implementation of a reliability assurance program during equipment/component 
fabrication and plant construction. This program includes controls and proce­
dures that allows a smooth transition from design and development to construc­
tion degrading reliability that emphasizes "nondestructive" testing at critical 
stages in the overall fabrication/construction process. 

• Performance of physical analyses of operational failure (in concert with the 
utilities) to jdentify and correct root causes. 

As with QE program planning, many analyses are also performed to structure the most 
effective reliability engineering program. Table 3-5 details some of the reliability tasks 
considered by many manufacturers in determining the extent and level of their applica­
tion and in structuring a. reliability engineering program for new (or replacement) 
systems and components. 

3.4 ELECTRIC POWER INDUSTRY TRADE ASSOCIATION QA&R PRACTICES 

3.4.1 Edison Electric Institute/National Electric Reliability Council 

Edison Electric Institute's (EEi's) objectives are: 

• Helping electric companies generate and distribute energy at the lowest possible 
prices consistent with safe and reliable service 

• Advancing the art of producing, transmitting, and distributing electricity, includ­
ing the promotion of scientific research to meet user needs for electric power 
through environmentally acceptable means 

• Gathering and making available factual information, data, and statistics impor-
tant to consumers and the industry. 

Until recently, EEi was the primary focal point for the collection and dissemination of 
availability data for electric power generating uni ts, systems, and components. Nearly 
all utilities have participated, including investor-owned and public. 

EEi availability data activities involved collecting three kinds of data: generating unit 
description, performance, and outage. Unit description data included unit type, size, 
start-up date, and fuel. They also included specific information on major components, 
such as tube material (for condensers), steam pressure at throttle at full load (for steam 
turbines), and speed at full load (for feed pumps). The number and manufacturer of 
major components were also included. Unit data were obtained when the unit was first 
started and when significant design changes were made. Performance data consisted of 
maximum dependable capacity, service hours, gross generation, and type of fuel burned. 
Outage data described events that curtailed power generation, including start and end 
time and cause and effect. Effect data, in the form of seven outage type codes, showed 
whether an outage was scheduled or forced, full or partial, or did not curtail generation. 
If the outage was partial, the power reduction was also reported. Information on cause 
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was provided in the form of several hundred numbered codes. Examples are: 630, vibra­
tion of turbine generator unit, 715, generator inspection, and 916, maintenance error. 
Outage data were obtained quarterly. 

Table 3-5. MANUFACTURERS' RELIABILITY ENGINEERING TASKS 

Management-the organization, planning, control provisions, documentation, and 
definition necessary to carry out reliability tasks. 

Reliability Allocation-subdividing system level reliability requirements down to 
component levels. 

Reliability Prediction-estimating reliability based on conceptual models and historical 
data during the design and development process. 

Failure Mode and Effect Analyses-an analytical part-by-part method to determine the 
consequences of potential failure on plant operation. 

Component Control and Standardization-effort to select, specify, and control all 
"critical" mechanical, electronic, and electromechanical parts and components. 

Design Review-formal evaluation of contractor effort with participation of cognizant 
subcontractor and utility personnel. 

Reliability/Verification Testin6'-discover and correct failures, defects, or potential 
problems prior to plant operation based on destructive and nondestructive test methods . 

. Failure Analysis-determine causes of observed defects and report these findings for 
subsequent action. 

Data Collection & Feedback-collect operational and maintenance data for feedback to 
management ond design. 

Reliability Assessment-determine the actual reliability based on plant operational data. 

EEi published two annual reports. One summarized performance data: i.e., availability 
(operating and equivalent), capacity factor, and forced outage rate for the previous 10 
years for plants of various sizes and types. The other summarized outage cause code 
data (for the same period), sizes, and types. Quarterly reports of large fossil unit per­
formance and their significant outages were also published. 

Effective 1 January 1979 EEi transferred to the National Electric Reliability Council 
(NERC) the responsibility for operating its equipment availability data system. 

NERC was formed in 1968 with the stated purpose "to further augment the REI ,IA BILITY 
and ADEQUACY of bulk power supply in the electric utility systems of North America." 
It consists of nine regional reliability councils and encompasses essentially all the power 
systems of the United States and Canadian systems in Ontario, British Columbia, 
Manitoba, and New Brunswick (see Fig. 3-5). 
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As indicated previously, the equipment availability data system is the primary electric 
utility industry source for collecting, processing, analyzing, and reporting power plant 
outages and overall performance. Much of the EEI program will be continued by NERC 
to maintain historical continuity, but new programs are being initiated to expand the 
capabilities of the data base. New forms and instructions will be adopted that will incor­
porate the electric generating unit reliability, availability, and productivity definitions 
beihg developed by the IEEE. Appendix A provides basic QA and reliability definitions 
used by the electric power industry. Many of the IEEE definitions that are in the draft of 
the IEEE Standard (1979) are included in Appendix A. NERC will emphasize improving 
the type and timeliness of the data that is acquired and tailoring output reports to meet 
the varying needs of the users: e.g., providing a breakdown of unit summary data by the 
nine NERC regions (Fig. 3-5). NERC recognizes the vital need of utilities and manufac­
turers for failure data including causes, rates, and corrective actions. These data range 
from broad classes of equipment in which failure occurred to statistical distributions of 
failure in generic components and maintenance data, including repair or replacement 
times. Also, recognizing that data collection without application is meaningless, NERC 
plans to support workshops in conjunction with DOE, EPRI, and EEi that stress the appli­
cation of analytical availability analysis and the need for supporting data. NERC is also 
planning to publish a periodic newsletter or brochure that will discuss the use of appli­
cation outage and performance data for solving design or operational problems. 

Further details on the data base including its current status since its transition to NERC, 
the data base rebuilding program initiated by NERC, the new data reporting procedures, 
and anticipated changes to the data are described in a technical paper given at the 1979 
Reliability Conference for the Electric Power Industry (Neibo 1979). 

NERC is also supporting EPRI in developing a national data base. This data base, when 
fully developed, will consolidate many of the current industry and government data pro­
grams into a single centralized data base. 

3.4.2 Electric Power Research Institute 

EPRI was organized in 1973 by the nation's electric power utilities to develop and admin­
ister a coordinated national research program. EPRrs goal is to develop new and 
improved technology for environmentally acceptable production, transmission, distribu­
tion, management, and control of electric power to meet present and future energy 
needs. 

EPRI has six technical divisions: 

• The Coal Combustion Systems Division promotes the application of new technol­
ogies to fossil fuel combustion proces.c;es. 

• The Advanced Power Systems Division develops the technical capabilities and 
readines.5 of advanced energy technologies, including coal and renewable sources. 

• The Energy Analysis and Environment Division is involved in environmental 
assessment, energy supply, and energy demand concerns. 

• The Energy Management and Utilization Division performs research studies in 
the areas of electromechanical energy conversion (i.e., fuel cells), batteries and 
other storage systems, and conservation (solar energy heating and cooling). 
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·• The Nuclear Power Division area of research includes safety and analysis, 
nuclear engineering, plant operations, and nuclear systems and materials. 

• The Electrical Systems Division includes research for overhead and underground 
transmission and distribution systems, power delivery equipment, rotating elec­
tric machinery, and improved methods for power system planning and operation. 

The utilities supporting EPRI provide guidance relative to the research needs of the 
industry. Power generating availability and system reliability are major needs of the 
utilities and, consequently, are key areas at EPRI. EPRI is active in: 

• Developing consistent definitions and procedures for collecting power system 
component outage data and methods for forecasting outage statistics 

• Developing meaningful indices and practical methods for assessing generation 
and transmission system reliability 

• Developing methods for assessing direct and indirect costs of power interruptions 
and for cost-benefit evaluation of reliability. 

The following paragraphs briefly describe some of the projects at EPRI relative to these 
areas. 

Reliabilit Measures for Power S stems: The objective is to develop measures or indices 
o power systems' reliability that: 1 are suitable in making a consistent evaluation of 
the overall system reliability from generation to distribution; (2) can be used in assessing 
the value of reliability to customers; and (3) can be readily understood by nontechnical 
people. · 

Bulk Transmission System Component Outage Data Base: The objective is to develop 
consistent definitions and procedures for use in outage data collection for bulk trans­
mission system components and to organize a comprehensive data base that will meet 
industry needs for U.S. utilities. This work is not aimed at the collection of data, but the 
research results would be useful to any organization charged with data collection. 

Fault Tree Analysis for Reliability Prediction of Gas Turbine Type Power Plants: The 
objective of this project is to determine whether fault tree methods could be used to 
predict the reliability of a fossil fuel power plant. As a test case, a fault tree model was 
developed and evaluated for an existing gas turbine power plant. The overall plant relia­
bility prediction for producing steam over 500 consecutive hours was 0.965. This value 
was considered reasonable by utility personnel, and it was concluded that the fault tree 
technique is useful for this kind of reliability prediction. 

Generation System Reliability Analysis for Future Cost/Benefit Studies: The major 
emphasis of this project is on developing a new method for calculating the frequency and 
duration of emergency procedures. The ultimate objective of this cost/benefit analysis is 
to determine the optimal level of reliability by combining customer costs and customer 
loss of benefits. 

Effect of Operatin Considerations on Reliabilit Indices Used for Generation Plannin : 
eta1 e on e ar o s1m a 10n computer program was eve ope to cons1 er e 

impact of a great variety of operating details, constraints, and policies on generation 
reliability performance and to investigate the effect of these factors on computed relia­
bility indices. A system of 513 generating units was used to study the relationship of 
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actual historical reliability performance to that predicted by both a conventional 
analytic method and the Monte Carlo method. 

The Role of Personnel Error in Power Plant E ui ment Reliabilit : The effects of per­
sonnel errors on the equ1pm ent availability o a cross section o ossil fuel power plants 
are quantified. The data are based on a questionnaire, personal interviews, and trouble 
memos of two utilities. The report indicates that personnel errors are responsible for at 
least 20%-25% of all failures in power plant generation systems. 

In addition EPRI is conducting an ongoing multitask research program for improving 
reliability and performance of new and existing fossil fuel power plants (Poole 1980). 
The program deals with turbine generators, steam generators, plant auxiliaries, and plant 
chemistry, as well as the overall integrated plant. Design guidelines have been generated 
that can be used by the utilities to evaluate and specify components. 

EPRI also has .recently conducted a series of studies on the adequacy of existing power 
plant performance/reliability data bases (Kol)pe imd Arnst 1978; Kuppe 1979; Holmes and 
Narver 1978; Stone & Webster Engineering Corp. 1979). These studies have concluded 
that the need exists for extending and consolidating all power plant reporting systems 
into a single national data collection system that will be more responsive to the needs of 
the utilities. 

The national data collection system is currently under development. It is envisioned that 
its scope, once fully developed and operational, will be limited to power plant perfor­
mance, unit outage, and component failure data. 

Performance data would include energy generation, service hours, capacity factor, etc. 
Outage data, including forced and planned outage rates, would represent the primary 
thrust of the system but with increased emphasis on reporting outage cR11c;es, on including 
noncurtailing failures (i.e., component failures that do not result in an outage), and on 
reporting more rapidly with the integration of an early alert system that concentrates on 
problems that cause outages and/or affect major components. Component data involves 
recording and collecting descriptions of individual failure (i.e., running time, number of 
cycles, failure modes, repair time, maintenance time) to determine failure rate, mean 
time between failures,and mean time to repair generic components. It is anticipated 
that all utilities will report performance statistics with only the larger utilities reporting 
outage data and only those utilities (such as Florida P&L Ann Ontario Hydro) that have an 
internal computerized maintenance work order data system reporting component 
f ailui'e. Translators would convert diverse data from the utilities for use at the national 
level. 

It will take several years to develop and demonstrate the system, which will then be 
managed by an industrial organization such as NERC. 

3.5 DOE QA&R PRACTICES-POSSil.. ENERGY PERFORMANCE ASSURANCE SYSTEM 

Recognizing its responsibilities under P .L. 95-91 in which DOE is charged to "increase 
the efficiency and reliability in the use of energy," and in an effort to attain National 
Energy Goal Number IV to "increase the efficiency and reliability of the processes used 
in energy conversion and delivery systems," DOE/FE is establishing and implementing a 
formal performance assurance system (PAS) for their fossil energy research, develop­
ment, and demonstration (RD&D) projects. 
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PAS is essentially a management technique to help achieve the early, reliable, and 
cost-effective performance of fossil plants. It consists of systematically applying design 
considerations, data collection, analysis, and communication networks and procedures. 

The disciplines incorporated in PAS are reliability, maintainability, quality assurance, 
configuration management, availability, operational service life, life-cycle costs, safety 
engineering, and standardization. These disciplines have been chosen for their applicabil­
ity to fossil energy programs, emphasizing early identification and solving of problems 
that would delay or decrease reliable, economic development if not addressed in a 
timely, systematic manner. PAS prime objectives are to reduce cost and increase the 
effectiveness of a project. 

There are several fossil energy projects at or near the demonstration stage of develop­
ment. Seven projects were selected as potential candidates for initial implementation of 
PAS activities, because they had advanced to the demonstration stage. Thus, these seven 
projects were those that could benefit most from near-term implementation of PAS. 

The seven programs selected are compared on a relative basis in Table 3-6. The informa­
tion shown is a summary of each program's activities including some factors affecting 
the PAS implementation schedule. 

PAS is designed to apply to all process maturity levels, from the small process develop­
ment unit to the large demonstration plant. The Performance Assurance Program will be 
tailored to each project using basic criteria, such as maturity level, dollar value, techni­
cal feasibility, and commercialization potential, in determining the exact scope and size 
of the program. · 

The goals of the system are accomplished through a PAS Office. This central agency 
acquires, generates, maintains, and disseminates information. It also makes available 
procedures, tools, and systems to ensure that system availability, life-cycle cost, and the 
other performance assurance elements are adequately treated in the development, con­
struction, and operation of fossil energy RD&D systems. The PAS Office provides 
technical support to project managers and contractors on an as-needed basis. PAS will 
be able to perform independent RAM assessments, life-cycle cost estimates, and special 
studies as required. PAS can assist project managers in evaluating contractor PA pro­
grams and conducting program/design reviews. 

The Fossil Energy Equipment Data System (FEEDS) is being established for the collec­
tion evaluation, and storage of data on the failures, operability, and maintenance of 
fossil energy components and materials. It will also analyze and disseminate this 
information to assist· architect engineers, technicians, and managers in the selection, 
assessment, operation, and maintenance of fossil energy components and systems (see 
Fig. 3-6). FEEDS will be physically located at the National Bureau of Standards (NBS). 
The FEEDS Operations Office at NBS will receive, screen; and input information into 
computer and microfilm data banks. Personnel from the NBS Failure Analysis Program 
analyze and evaluate failure reports and failed components and materials and prepare 
reports as appropriate. FEEDS will use Government-Industry Data Exchange Program 
(GIDEP) information processing equipment and personnel (at Corona, Calif.) to store and 
disseminate failure, operability, and maintenance data to PAS/FEEDS participants. A 
further description of the FEEDS System and the responsibilities of the participating 
agencies is given in Appendix B. 
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Table 3-6. CANDIDATE DEMONSTRATION PLANTS8 N -111, 
-.;: ~ ~ 

Progra 11 Estimated Industry Start 
Location Description Costb (M$) Partier AE Date (1977) Complet:on Date Current Status 

Noble County, Design, construct, T 372.7 Concco Foster May 27 Beyond FY ~983 Developing conceptual 
Ohio and operate ::lemo D 22.7 Wheeler designs and economics of 

plant using ::ixed C commercial plants, con-
bed gasifier to 0 350.0 ceptual designs of demo 
produce pipcline- plant and conducting con-
quality gas firmation ·tests in pilot 

plants (overseas) 

Cutler, Design, construct, T 334.00 Illinc~ Dravo June 7 Beyond FY ~983 
Illinois and operate ::lemo D 25.1 Coal and 

plant using GDEDc C Gas 
coal pyrolysis and 0 308.9 
char air-blown 
gasifier coru::epts 

c,..> 
to produce pipe-

CX) line gas 

To Be Conceptual design cf T 7 .5 None Procon July 29 Beyond :Y 1983 Conceptual design of com-
Determined commercial ;cale mercial-scale plant almost 

plant using :iygas complete. If promising, will 
process to produce develop economics and con-
pipeline-que.Jty ceptual design of demo 
synthetic ge.s 

Tennessee Design, construct, T 179.5 M ell"l)-1 is Foster Aug. 30 FY :.983 Conceptual design of a 
and operate demo D 6.5 Ligh:, Gas Wheeler 2800 t/d low Btu fuel gas 
plant using a C 173.0 and '!V:1ter demo plant 
fluidized-bee] 0 
o2-steam ge.;ifi-
cation process at 
90 psig producing/ 
delivering 5(1 
billion Btu/,:ay of 
industrial fael gas 

Western Design, connruct, T 318.4 W.R. Grace Ebasco/ Aug. 26 Beyond FY 1983 Conceptual desiJn of a 1700 
Kentucky and operate a demo, D 10.2 c!c Co. Humphries t/d plant producing 1200 t/d 

plant producing C 308.2 and Glasco NH 3 
synthesis gas for 0 ""3 
NH3 prodµc1ion ~ 

I 
~ 
00 
~ 



Location 

Hoyt Lakes, 
Minnesota 

To Be 
Determined 

Table 3-6. CANDIDATE DEMONSTRATION PLANTSa (Concluded) 

Program 
Description 

Design, cc,nstruct, 
and operate a two­
stage fixe:1-bed 
air-blown gas-
ifier to produce 
fue, gas for drying/ 
har:lening Taconite 
pellets 

Des.ign, construct, 
and operate a demo 
plant using· solvent 
extraction process 

Esti'.R1c.ted 
Cost (M$) 

T j2.2 
D 9.2 
C 
0 13.0 

T 7.5 

D 7 .5 

Industry 
Partner 

Erie Mining 
Company 

AE 

Arthur 
McKee 

Gulf Oil 
Corp. 

Start 
Date (1977) Completion Date 

Oct. 19 FY 1982 

Current Status 

Phase I Conceptual Design of 
a small-scale, low-Btu Fuel 
Gas demo project 

Phase I Conceptual Design 

aThe design phase i5 fully government funded with the 50-50 cost shared with industry from procurement to construction, operation, and evaluation. 

bT = Total 
D = Design 
C = Construction 
0 = Operation 
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Ill 
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Figure 3-6. Fossil Energy Equipment Data System (FEEDS) 

Technical and management-oriented documentation is to be used by fossil energy project 
managers and contractors in contracting for planning and implementing performance 
a$urance in fossil energy contracts. This includes: 

• Fossil Ener Performance Assurance S stem Manual for Project Mana ers. The 
rua11uid p1"0vi<l~s DOE FE u icials with a comprehensive description o PAS, Its 
philooophyt objcctivco, and general mcthod3 of application. It also includes guid­
ance for using the resources provided by FE/PAS to best advantage within the 
context and constraints of individual fossil energy projects. 

• Performance Ass:urance Re uirements in Fossil 

• 

A training program familiarizes fossil energy officials and contractors with the concepts 
and methods of performance a$urance. 

As presently conceived, the full-scale appli~ation of performance assurance to an _R&D 
project includes the following activities: 

• Identifying performance assurance requirements tailored to the needs of the 
particular project under consideration 
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• Developing and documenting a performance assurance program plan 

• Establishing quantitative goals for key performance assurance parameters (e.g., 
system availability, life-cycle cost) 

• Maintaining planning and engineering 

• Analyzing availability/life-cycle cost engineering 

• Including performance assurance considerations in design reviews 

• Establishing a formal quality assurance program 

• Establishing a formal configuration management program 

• Establishing formal mechanisms for the collection, analysis, storage, and dissem-
ination of failure, maintenance, and operability data. 

Use of FE/PAS or any subset of its program is available to each FE project manager. 

Conceptually, PAS has been developed as a support service. Project managers continue 
to exercise full management control, supervision, and responsibility over all aspects of 
their individual PA programs. 

PAS is intended to provide the following: 

• The identification of all reliability, maintenance, and cost-critical items in a 
plant/project and the recording/documentation of the performance of these 
items throughout the design, construction, and operation phases 

• Properly identified and documented failure modes of these critical items 

• Actions to enhance plant operability (i.e., redundancy, improved maintenance, 
improved quality) 

• Life-cycle cost analysi~ 

• Service life estimations of equipment/components 

• Standardization through use of common items/materials 

• Properly documented and updated plant configurations 

• Operation/maintenance procedures 

• Suitably monitored and documented materials 

• Complete plant/project operability data. 

3.6 OPERATIONAL RELIABll.ITY LEVELS 

A concerted analysis and study of availability and outage data, as compiled by EEi, 
NPRDS, and NRC, would be required to completely represent achieved reliability levels 
and trends for power-generating systems and components. This is beyond the scope of 
the present study. Instead, results of analyses performed by others will be presented. 
Although perhaps sketchy, these data do give a gross indication of the levels being expe-
rienced by the industry. · 

Most available reliability data are based on results observed over several years and do 
not include the most recent years. Thus, it is difficult now to measure the improvement 
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resulting from the formal reliability program efforts that have been instituted within the 
past several years. 

Operating availability and forced outage rates by general type of generating system are 
presented in Table· 3-7. These data were compiled by EEi for a 10-year period 
(1966-1975). They summarize results observed for all systems tracked over this time 
period, which consisted of 13,603 unit years of generating system operation. Forced out­
age rates for gas turbines, jet engines, and diesels are substantially higher than those for 
other generating systems although operational availability is at the same approximate 
level. This apparent anomaly exists because these generation systems are used only to 
accommodate peak load demands; hence, their time in service is low relative to the time 
required to effect repairs when an outage does occur. 

The fossil unit reliability level as a function of calendar year exhibited a negative trend 
over this 10-year time period AS illustrated in Fig. 3-7, which was t.RkP.n from the same 
EEi data compilation. Perhaps part of this trend can be explained by generating unit 
size. In an effort to achieve operating economies, operating unit sizes increased 
continually until it was discovered in the late 1960s and early 1970s that operational 
reliability suffered as capacity increased, especially beyond 600 MW. This relationship is 
depicted in Fig. 3-8. Subsequently, unit size has leveled. More current data would be 
required to assess the effects of this change in philosophy. 

System Type 

Table 3-7. AVAll,ABil.ITY SUMMARY: 1966-1975 
(Unit Year Averages) 

Unit Years 
Operating 

Availability (%) 
Forced Outage 

Rate(%) 
-----------------------------....... ,-.... ., ............... __ _ 
Fossil 
Nuclear 
Gas Turbine 
Jet Engine 
Diesel 
Hydro 
Pumped Storage 
Other 

6933 
168 

2812 
1394 
ll86 
932 
161 

17 

Source: Edison Electric Institute (1976). 

85.5 
74.4 
86.5 
85.7 
95.0 
95.0 
87.0 
80.4 

5.58 
12.62 
35.22 
43.01 
28.33 

1.59 
11.69 
7.13 

Within a fossil-fueled generating system, the boiler, turbine, and generator RrP. the major 
contributors to forced outages. Boilers are particularly vulnerable. Although several 
parallel turbines and generators each carrying a portion of the load may be used in a gen­
erating unit, they are driven from a single boiler. Thus, a boiler failure causes a 
complete forced shutdown. In addition, boilers characteristically exhibit high failure 
rates and require lengthy repair times. Walters (1979) reported that a study by EPRI 
indicated that boilers, turbines, and generators accounted for 90% of forced outage hours 
in systems ot' 390-599 MW and 92% in systems of 600 MW capacity or greater. The rela­
tive contribution to forced outage rate by system component is shown in Fig. 3-9 as a 
function of generating unit size. Bickerdike (1979) reported on a six-year study of 258 
hydro generating systems in which a total of 4,753 failures were observed. Of these, tur­
bines and generators accounted for 1,027 or about 22% of the observed failures 
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Figure 3-7. Fossil Generating System Reliability vs. Calendar Year of 
Operation 
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Figure 3-8. Forced Outage Rate vs. Unit Size 
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However, the forced outage caused by these failures amounted to 50.4% of the total 
system shutdown hours. 
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Figure 3-9. Forced Outage Rate of Major Components 

As is typical of hardware systems, the power generating industry has experienced sub­
stantial variations in reliability between systems and system components. As an 
example, Walters (1979) reported that the forced outage rates for 54 turbine generators 
used m nuclear plants with a capacity of greater than 450 MW averaged 3.3% but ranged 
from less than 1 % to over 10% for individual units. The causes of these differences are 
difficult to isolate since there are unit-to-unit variations within a given manufacturer's 
output, product variations between manufacturers, and variations between generating. 
facilities. 

In summary, large power generating· plants can be expected to be unavailable approx­
imately 15% of the time with boilers, turbines, and generato~ being the greatest cause. 
Reliability 1s inversely related to system output capacity and is highly variable from 
unit-to-unit. Reliability improvements resulting from stabilizing generator sizes and 
reliability program efforts are not yet discernable from available data, but expectations 
range to a 10% improvement over the next 5-10 years. 
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SECTION 4.0 

CONCLUSIONS AND RECOMMENDATIONS 

The objective of this study was to establish a thorough understanding of the QA&R prac­
tices that the electric power generating industry found to be most effective in achieving 
high levels of hardware reliability and electric power availability. The results of this 
study are intended to be used by the DOE PV program to develop long-term QA&R 
requirements and plans for PV power generating systems. Further, the results are to 
provide direct input into near-term SERI activities that are part of the validation 
methods development task of the performance criteria and test standards project. 

Contacts, including in-depth technical discussions, were held with representatives from 
all segments of the industry including the utilities, AE firms, hardware manufacturers, 
trade associations, and others active in QA&R program activities. 

Results of the study indicate that a full spectrum of QA&R activities are applied by the 
industry to ensure the basic quality and reliability of the electric-power generating units 
and equipment. 

Many of the reliability-oriented efforts are only now being, or have recently been, 
implemented; therefore, the full impact of their effect has not yet been realized. 
Further, because of the relative newness of reliability activities within the power indus­
try, a large amount of experimentation and investigation of different approaches and 
techniques is still needed to achieve optimum results. Thus, from a reliability point of 
view, the industry is in a state of flux. Many programs and practices are still in a shake­
down period with substantial changes in approaches, methods, techniques, and procedures 
likely to occur over the next 5-10 years. 

In spite of its immature state, certain trends have emerged from which the PV program 
can benefit. Some of the conclusions that may be drawn from the study include: 

• The industry, including hardware manufacturers, is familiar with ·formal RAMS 
(Reliability, Availability, Maintainability, Safety) programs and program 
elements. This can materially reduce the time and effort needed to educate and 
orient management and engineering personnel on the benefits and applications of 
this control discipline. · 

• The power industry is finding that these RAMS programs are cost-effective; in 
fact, the primary justification for their application is to achieve cost savings. 

• RAMS efforts are most effective during component/system R&D phases where 
the discipline enables designers to identify and correct potential design, safety, 
or performance deficiencies prior to spending large resources for demonstration 
hardware. 

• There is no single standard sequence of RAMS program functions or tasks that is· 
applicable in all situations. Instead, each program, organization, or system 
application must evaluate its peculiar needs and tailor a program that will pro­
vide the elements considered essential for achieving the stated objectives. 

• From its experience with fossil energy power systems DOE is finding that it is 
essential to establish program-wide minimum RAMS performance standards with 
appropriate emphasis on centralized management, support, and monitoring of the 
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program. A key aspect of this experience is the application of RAM guidelines in 
lieu of requirements, particularly during early stages of a program. 

Working within the framework of these findings, many of the specific practices, such as 
QA&R audits and surveillance, program control methods, unit/system availability and 
hardware reliability methods, and data recovery and feedback techniques, can be readily 
adopted or can provide a baseline to formulate appropriate PV QA&R efforts. 

Based on the value of the QA&R practices revealed by this study and currently applied by 
the power-generating industry, the following recommendations are presented as they 
apply to SERrs Performance Criteria and Test Standards Program. 

We recognize that many of these activities already are being performed at various inten­
sities within the DOE PV program on some system elements (most notably PV cells and 
modules). 

4.1 DEVELOPMENT OF REIJABILITY PREDICTION MODEI.8 AND ANALYSIS TOOLS 

Basic prediction models and analysis tools should be developed and procedures, complete 
with forms and data for implementation, should be prepared. The analysis tools should be 
based on availability and reliability analysis procedures that specifically reflect PV 
systems and failure characteristics (i.e., failure due predominantly to PY module 
degradation) and long-term environmental application factors. Critical to the develop­
ment of a PV availability/reliabihty model is the deftmhon of fallure. Uef1mtion and 
analysis techniques, including loss of load probability (LOLP), operating availability, out­
age rate, capacity factor, derating (seasonal), etc., used by the conventional electric 
power industry (see Appendix A) provide baseline information for defining failure relative 
to PV applications and for formulating a reliability method. Several analysis tools can be 
formulated, such as reliability prediction, failure modes and effects analysis (FMEA), 
fault tree analysis (FTA), and design review, once a PV model and overall method have 
been established. Procedures used by the industry can be tailored to meet the·needs and 
constraints of the PV program. An overall method, such as the input-output model 
developed by Florida P&L, can be structured that provides specific procedures and crite­
ria for residential PV systems or other applications that would be useful to the PV com­
munity in the near term. 

4.2 ESTABLISHMENT OF PV QA&R PROGRAM PROVISIONS AND REQUIREMENTS 
(NEW PROCUREMENTS) 

Development of a document providing cost-effective QA&R criteria and procurement 
guidelines that stress the importance of clearly defined hardware procurement specifica­
tions would help the goals of the PV program to be met. The document could be similiar 
to DOE's Performance Assurance System Specification Guide that can be readily incorpo­
rated into procurement specifications. The document would provide a basis for selecting 
and/or tailoring procurement requirements to fit the unique needs of any PV project 
application. 

QA&R provisions based on a matrix approach similiar to Consolidated Edison's quality 
assurance (see Appendix D) and Ontario Hydro's reliability requirements that present 
several levels of quality assurance and reliability have merit and should be considered. 
QA&R levels are determined by several pertinent factors, such as configuration and 
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complexity, application, and contractor experience. 
include provisions and requirements for: 

• Reliability allocation, prediction, and assessment 

• Failure modes and effects analysis 

• Parts control 

• Critical item control 

• Production degradation control 

• Design review 

• Supplier audit and surveillance 

• Quality assurance and reliability testing 

The guidance document should 

• Failure reporting, analysis, and corrective action. 

The program required would be, to a large extent, a function of PV type and end use. 
The more complex the system and the more stringent the application, the more extensive 
the required program would be. The QA&R program matrix could reflect several levels 
of intensity based on PV type and application. Sample QA&R requirement programs can 
be formulated corresponding to the provisional combinations defined in the matrix that 
would be suitable for incorporation into PV procurement specifications. Similiar to the 
approach taken by Ontario Hydro, specific QA&R provisions can be defined covering 
quantitative and qualitative design, program, and acceptance requirements for the major 
PV type and application classes, recognizing cost constraints~ Life-cycle cost (LCC) 
analysis, similiar to that performed by the Bonneville Power Administration, can be 
applied to determine a given PV class reliability level (quantitative and qualitative) that 
would minimize life-cycle cost and could be incorporated into the guidance document. 
However, QA&R requirements for a given hardware procurement must be adapted to 
meet its needs and constraints; sample requirements would only aid in formulating pro­
curement requirements by provfding consistent and uniform criteria and guidance. 

Initial efforts should define the extent and intensity levels of the provisions and require­
ments for residential PY systems. Then, consistent with PV system development priori­
ties, QA&R provisions and requirements could be defined for other PV system applica­
tions and integrated into the matrix, the sample requirements, and the overall guidance 
document. 

4.3 PREPARATION OF A GLOSSARY OF QA&R TERMS APPLICABLE TO SOLAR 
ENERGY SYSTEMS 

Development of a glossary that provides common language definitions and formula will 
provide a much needed input in developing QA&R program requirements, methods, and 
validation criteria, and, in particular, provide a basis for information exchange, thus 
permitting accurate reporting and analysis of the reliability and quality of experimental 
and demonstration PV systems and components. The definitions compiled during this 
study and presented in Appendix A represent a start in developing a glossary that specifi­
cally meets the needs and characteristics of the PV community. 
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4.4 DEVELOPMENT AND ESTABI.JSHMENT OF AN EFFICIBNT AND USEFUL PV 
QA&:R DATA RECOVERY ANALYSIS AND FEEDBACK SYSTEM 

Development of a formal and well documented data recovery, analysis, and feedback 
system is a key element in an effective QA&R program. The data recovery and feedback 
program should compile data from manufacturing, installation, and field operations. 
Data summary forms should be prepared that allow development of output information 
that can be used for: 

• Reliability and quality assessments 

• Reliability tracking 

• Comparative analysis and assessments 

• Determination of the effectiveness of QA&:.H. activities 

• Identification of critical components and problem areas 

• Compilation of historical component failure rates for early design predictions. 

In addition, as part· of the data recovery program, a formai, systematic, and 
well-documented failure reporting and analysis and corrective action system should be 
implemented. The system should determine the root cause of failure resulting from 
design, manufacture, operation, or maintenance. The system should emphasize the inves­
tigation and analysis of all failures (or problem areas) regardless of their apparent magni­
tude. The system should classify failure according to design, procurement, manufacture, 
application, and field environment. Standardized forms for failure reporting, analysis, 
and corrective action should be adopted. The utilities, EEI/NERC,. and DOE data 
recovery and feedback methods (as well as the National Data Syst_em currently being 
designed by EPRI) including data forms, procedures, and data management schemes dis­
cussed in this report should be evaluated in depth for possible PV application. 

4.5 ESTABLISHMENT OF REALISTIC QA&:R TESTING PROCEDURE$ 

Application of cost-effective QA&R tests during PV hardware system development is 
essential to ensure reliability growth and demonstrate compliance with specified 
requirements. A QA&R test program could be structured to emphasize the performance 
of reliability and quality tests at key points during the design, development, and 
production/construction cycle. To be most cost-effective, an integrated test program 
complete with criteria and test methods should be planned and implemented early in the 
PV system acquisition process. The considerations and cost trade-offs made by manu­
facturers of conventional power systems and components in planning their QA&R test 
programs should be evaluated to help formulate a PV QA&R test program. Trade-offs 
should be made considering such factors as test flow, test duration versus confidence, 
test environment, sampling versus 100% inspection, prototype versus production tests, 
and the extent of nondestructive testing (NOT). The· test program should emphasize 
development and verification testing of critical components, nondestructive testing at 
critical stages in the development/construction process, and failure analysis and correc­
tive action. It should be based on test cycles that reflect actual PV applications and 
environments and, in particular, long-term mechanical stresses and climatic extremes 
applicable to residential PV systems. 
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4.6 QA&R PROGRAM SUPPORT AND COORDINATION 

In addition, it is also recommended that formal programmatic engineering QA&R support 
be provided to new projects, procurements, and field installations, based on the above 
guidelines, definitions, and methods. The support should include: 

• Performance of QA&R cost benefit studies to establish requirements for new 
procurement, assess LCC, and identify critical areas (based on predictive models, 
Sec. 4.1 using historical component failure rate data, Sec. 4.4) 

• Evaluation, audit, and monitoring of contractors' QA&R program efforts during 
design, development, production, and site installation (based on guidelines 
included in the QA&R provision and requirement document, Sec. 4.2) 

• Performance of independent analyses and special studies as necessary to deter­
mine ways to improve reliability 

• Review and evaluation of test plans and procedures (based on predetermined cri­
teria and test methods previously mentioned), and coordination of failure analysis 
activities (based on formal data recovery and analysis procedures, Sec. 4.4) 

• Coordination of field data collections including data reduction, identification of 
items having high failure rates or that require excessive maintenance, and prep­
aration of statistical summaries 

• Assessment and tracking of reliability based on field operational/failure data 

• Identification of critical components, failure modes, and causes based on analysis 
of the field data and failure reports 

• Development and implementation of a formal indoctrination and training pro­
gram in the application of basic QA&R tasks to project engineers, contractors, 
test operators, and others active in PV planning, design, test, and demonstration. 

All of these task elements are applicable for PV electrical power systems regardless of 
end use. Differences obviously exist because of system size, complexity, and conse­
quences (cost, safety, etc.) of outage that must influence the sophistication and depth of 
treatment in applying the suggested techniques to specific situations. General rules 
relative to the several application sectors should be made part of the developed require­
ment, technique, or procedure, but responsibility for specific adaptations to a particular 
program, organization, system, or product must remain with the responsible engineer. 

To provide cohesiveness and continuity of QA/RAM activities among the several program 
elements and demonstration projects within the PV program, it may be advantageous to 
establish program-wide minimum QA/RAM- performance standards. Building on the DOE 
fossil energy system experience, a centralized management approach for this important 
program function should be considered. A logical first-step would be formulating an 
overall PV program QA/RAM policy and plan. This would lay the foundation for an inte­
grated, uniform, and effective application of QA&R initiatives currently being pursued 
within the PV program and the specific task activities recommended in this report. The 
policy/program plan would emphasize a total life-cycle approach that includes tasks and 
control provisions that start during the early design of a PV system and continue through 
development, production, demonstration, and field application. The plan would delineate 
objectives and criteria for timely and cost-effective implementation of the recom­
mended task activities as they correspond to critical PV system life-cycle stages. It 
would include specific plans and milestone schedules for the development and 
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implementation of appropriate standards, procedures, and guidelines that would fully 
describe the tasks and control provisions, define the QA/RAM method as structured for 
PV systems, and provide techniques for implementing methods to perform trade-offs 
between reliability and cost. 

An essential element of the QA/RAM plan would be to provide specific plans for imple­
menting an adequate data system that provides a measurement of field reliability, 

. permits the evaluation of specific design decisions early in the design cycle, provides a 
basis for determining cost-effective requirements for hardware specifications and, in 
general, provides data to support the life-cycle tasks delineated in the plan. Develop­
ment of an overall PV program QA/RAM policy and plan would not only ensure maximum 
visibility of reliability achievements and deficiencies but, based on experiences of the 
conventional power-generating industry, should result in the development and demonstra­
tion of reliable, safe, and cost-effective PV systems at lower cost with fewer schedule 
delays. 
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APPENDIX A 

QUALITY ASSURANCE AND 
RELIABILITY DEFINITIONS 

(as applied to electric power 
generation systems) 

This appendix contains terms and definitions identified through a review of documenta­
tion and information compiled during the study. The Institute of Electrical and Electron­
ics Engineers (IEEE) currently is developing a standard for electric generating unit relia­
bility, availability, · and productivity terms and definitions. Many of the terms and 
definitions included in the draft of the IEEE Standard* are incorporated in this appendix. 

Accelerated Test-A test in which the applied stress level is chosen to exceed the level 
stated in the reference conditions to shorten the time required to observe the stress 
response of the item or magnify the response in a given time. To be valid, an accel­
erated test must not alter the basic modes and/or mechanisms of failure or their 
relative prevalence. 

Acceleration Factor-The ratio between the times necessary to obtain a stated propor­
tion of failures for two d1ff erent sets of stress conditions involving the same failure 
modes and/or mechanisms. 

Adequacy- Sufficient generating capability to meet the aggregate peak electric loads 
(MW) and energy requirements (MWh/h) of all customers at all times. 

Availability-The probability that a material, component, equipment, system, or process 
is in its intended functional condition at a given time and therefore is either in use 
or capable of being used under a stated environment. 

Availability (Equivalent}-The percentage of time in a period that gross maximum gener­
ation could be produced if limited only by outages and unit and seasonal deratings. 

Availability (Operating}-The percentage of time in a period that the system, process, or 
facility is opP.rAting or is available to operate (ready status). This measure ignores 
partial outages, i.e., if the system is producing any product at all, it is considered to 
be "available." 

Capacity-The net power output for which a generating unit or station is rated. 

Capacity, Gross Maximum-The maximum capacity that a unit can produce over a speci­
fied period of time. 

Capacity, Gmc;.c; Dependa.bl~The gross maximum capacity modified for ambient limita­
tions for a specified period of time, such as a month or a season. . 

*Institute of Electrical and Electronic Engineers. 1979 (Jun.). Definitions for u·se· in 
Reporting Electric Generating Unit Reliability, Availability, and Productivity. Final 
Draft. Prepared by Power Plant Productivity Definitions Task Force, Application of 
Probability Methods Subcommittee, Power Systems Engineering Committee. New York. 
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Capacity, Gross Available-The gross dependable capacity modified for equipment limi­
tation at any time. 

Capacity Factor-A percentage calculated from the ratio of product actually produced in 
a period to the product that would be produced if the process system or facility 
operated at full rated capacity for the period. 

Confidence Level-Statistical boundaries limiting an estimate with a specified risk. 

Configuration Management-A technical and administrative process used to identify, 
control, and account for engineering documents describing the functional and phys­
ical characteristics of components, equipment, systems, or a process. It is also used 
to track and control hardware to conform to the documentation. 

Corrective Maintenance-All yn_scheduled in')pection, testing, or repair activities i;,1:::1·­
formed on equipment, following its failure, for the purpose of restoring the equip­
ment to satisfactory operating condition. 

Critical Item-A procedure, material, component, or item of equipment whose failure 
could significantly affect safety, performance, environment, schedule, or cost. 

Debugging (Bum-In}-A process of shaking down each item of finished equipment that is 
performed prior to placing the item in use. During this debugging period, weak 
system elements are expected to fail and be replaced by elements of normal quality 
(statistically) that are not subject to similar early failure. The debugging process 
may involve exposure to all field operational stresses. The debugging process is not, 
however, intended to detect inherent weaknesses in system design, which should 
have been eliminated in the preproduction stages by appropriate techniques. The 
debugging process eliminates the parts subject to infant mortality. 

Demonstration Plant-An RD&D project designed to demonstrate and validate economic, 
environmental, and productive capacity of a near=commercial siie pl.1:1.nt by integrat= 
ing and operating o. single modular unit using commercial-size components. 

Derating, Seasonal-The difference between gross maximum capacity and gross depend-
able capacity. · 

Derating, Unit-The difference between gross dependable capacity and gross available 
cnpacity. 

Design Life-The expected time or number of cycles, based on the design of the item, 
during which the item remains opP.r1:1.tionally effective and economically useful 
before wearing out. 

Design Reviews-Meetings held during the design process to critically examine the prod­
uct design, configuration, design documentation, test program planning, and test 
data. 

Design Review, Critical (CDR}-A formal customer review of all accomplishments during 
detailed design. This may entail review of prereleased detailed design documenta­
tion; e.g., drawings and specifications, analytical and experimental verification data, 
long lead item procurement list, bid package plan, siting and environmental impacts, 
final test and evaluation plan, configuration, and change control procedures. 
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Design Review, Preliminary (PDR}-A formal customer review of process analyses and 
flow, reaction rates, operating parameters, including identified layout arrangement 
of equipment/systems, performance requirements, specifications of long lead items, 
and test plans. 

Destructive Testing-Testing of any nature that may materially affect the life expec­
tancy of the item tested, whether or not failures occur during the test. 

Failure-The cessation of the ability of a system or any of its elements to perform a 
specified function or functions. 

Failure Analysis-The ·study of a specific failure to determine the failure mode, mecha­
nisms, and/or the circumstances that caused the failure. 

Failure Effect-A description of the consequence of the failure in terms of operating or 
performance characteristics; e.g., shutdown, loss in efficiency, safety hazard. 

Failure Mechanism-The physical process or occurrence that caused a failure (e.g., stress 
corrosion cracking, operator error, equipment malfunction, relay contacts welded by 
overload, and bearings frozen by contamination with foreign material). 

Failure Mode-The observed local result of a failure; e.g., leak, loss of control, false out­
put. 

Failure Modes and Effects Analysis (FMEA}-Identification and documentation of each 
significant failure mode of each item and the impact of the occurrence of that mode 
of failure on the component, other components, and the overall operation of the 
system. 

Failure (Noncurtailing}-A component failure that occurs with no effect on the output of 
the plant. 

Failure Rate (Failures Per Unit of Time}-The number of failures per unit of time in a 
specified time interval. 

Failure Reporting and Corrective Action-A systematic and comprehensive method of 
reporting failures and a means for implementing the corrective maintenance indi­
cated by these failures. 

Fault Tree Analysis-A method for relating a process or system failure to equipment, 
component, or materials failure modes using fault trees. A fault tree is a model 
that graphically and logically represents the various combinations of possible events, 
fault and normal, occurring in a process or system that leads to the top event. Pro­
cess or system elements may include hardware, software, and human and environ­
mental factors. 

Forced Outage Rate-The ratio of forced outage hours to operating hours, plus forced 
outage hours. 

Functional Configuration Audit-A formal examination of test data, prior to acceptance, 
to verify compliance of measured performance with specification requirements. 

Functional Test-A test that directly or indirectly measures a specific function of 
equipment or a component. 
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Hazard-Any real or potential condition that can cause injury or death to personnel or 
damage to or loss of equipment or property. 

Life-Cycle Cost Analysis-A function whose objective is to optimize the economics 
resulting from costs expended for design, construction, operation, and maintenance 
of equipment, a component, a system, or a process. LCC analyses are significant 
for: 

• Assisting engineering in design trade-offs by providing a baseline of total 
life-cycle costs for all major design alternatives 

• Providing a basis for determining the least cost involved in other major project 
alternatives (e.g., mainten~nce concept development, planning system operation 
and support activities, and maintenance planning). 

Load Factor-The ratio of the actual energy supplied during a designated period to the 
energy that would have been supplied if the peak load were to exist throughout the 
designated period. 

Loss-Of-Load Probability (LOLP)-The proportion of time that the generation available is 
unable to meet the system load (kilowatt). The loss-of-load probability .is normally 
expressed in terms of days when the load is not met in the years studied (e.g., an 
LOLP of one day in 10 years means the load is not met one day in a period of 10 
years. 

Maintainability-A characteristic of design and installation that is expressed as the prob­
ability that an item can be restored to operation within a specified period of time 
when maintenance is performed in accordance with prescribed procedures and 
resources. 

Maintenance-All actions necessary for retaining an item in a specified condition before 
failure or breakdown (preventive maintenance) or the process of restoring an item to 
return it to a workable condition (corrective maintenance). 

Maintenance Concept-A description of the planned general scheme for maintenance and 
support covering replacement or repair philosophies, personnel factors, maintenance 
time, schedules, special tools, materials, supplies, spares, and other resources 
required to perform either corrective or preventive maintenance. 

Maintenance Engineering Analyses-An analytical process in which the quantitative. 
requirements, support resources, cost, operational objectives, and safety consider­
ations that effect each preventive and anticipated corrective maintenance action 
are estimated and documented. 

Mean Time Between Failures (MTBF)-Total operating time (frequently stated in hours) 
divided by the total number of failures. 

Mean Time to Outage (MTTO)-Operating time divided by the number of outages experi­
enced. This measure can be calculated for full, ·partial, or all outages (i.e., planned, 
forced) and is most applicable to mature technologies. 

Mean Time To Restore {MTTR)-Average time to restore the system, process, or facility 
to full operability after an outage (full, partial, or all). This measure includes all 
maintenance and delay time encountered in restoring a system (e.g., waiting for 
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parts). It can be used for identifying problems early in the maintenance program, 
the operational procedures, and the system design. It also includes time used for 
operator-initiated restoration activities (e.g., restart actions), which may restore 
the system in lieu of performing a maintenance action. 

Mean Time To Repair (MTTR}-Average time to repair (or replace) a failed item during 
corrective maintenance. This measure excludes time waiting for parts, travel time, 
and other time not directly associated with the performance of the corrective 
maintenance activity. It can be used for identifying problems early in the mainte­
nance program and/or system design characteristics affecting maintenance. 

Mean Maintenance Man-Hours-Average total maintenance man-hours required to per­
form preventive maintenance (servicing) and corrective maintenance (repairs or 
replacements of failed items). This measure is important in evaluating required 
maintenance staffing and projecting future maintenance costs. 

Nondestructive Testing-A te_st that is neither functional nor potentially destructive. It 
is performed to establish acceptability; e.g., X-ray analysis, leak tests, ultrasonic 
tests, etc. 

On-Stream Time-The percentage of time in a period that the system, process, or facility 
is producing products equivalent to "operating availability." 

Outage, Forced-The failure of a system resulting in loss of all or part of the output. A 
full outage results in complete loss of output; a partial outage results in degraded 
system output. 

Outage, Planned-The period a unit is unavailable due to inspection, testing, nuclear 
refueling, or overhaul. A planned outage is scheduled well in advance and is of a 
predetermined duration. 

Percentage Reserve-The margin of installed capacity in excess of the expected peak 
load. 

Performance Assurance-A method for the systematic treatment of reliability, maintain­
ability, availability, life-cycle cost, standardization, configuration management, and 
quality assurance in the design, construction, and operation of a system. 

PerformHOce Indices-Completely describe the performance of electrical-power operat­
ing unit. Included are capacity factor, availability (operating and equivalent), and 
outage rates (forced and planned). 

Pilot Plant-An R&D project designed to establish integrated process feasibility by com­
bining commercial type (not commercial size) components into a small model plant 
to test and evaluate the critical parameters of scale-up. It also is used to acquire 
engineering data needed to assess economic feasibility and design a .IRrger 
near-commercial size plant. 

Plant-The aggregate of major systems, personnel, procedures, and practices that per­
form the collective total functions of a process (e.g., coal liquefaction). 

Plant Operability-The overall cost-effective plant generation needed to produce a 
required quantity of 1:1cceptable products at a predictable rate and at an acceptable 
level of reliability. 
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Preventive Maintenance-Actions performed in an attempt to keep an item in working 
condition and prevent failures or degradation of performance characteristics by 
planned (usually scheduled) servicing, replacement, overhaul, etc. 

Quality Assurance-The system of engineering activities that assures quality by perform­
ing and preparing implementation documents for quality control. It includes analyz­
ing all quality-related considerations for the development, implementation, and 
continuing evaluation of a quality control system. 

Quality Control-The system of inspection and testing activities that are performed, 
documented, and used to measure, monitor, and control quality as well as to initiate 
corrective and/or preventive action in controlling selected characteristics of an 
item. It also performs the acceptance or rejection function at key points in the 
evolution and/or use of a product and implements the quality control system devel­
oped by quality assurance. 

Redundancy-The existence of more than one means for accomplishing a given task, 
where all means must fail before there is an overall failure to the system. 

Redundancy, Parallel-The existence of two systems working at the same time to accom­
plish the task, where either system can handle the job itself in case the other system 
fails. 

Redundancy, Standby-The existence of an alternate means of accomplishing the task 
which is switched in by a malfunction sensing device when the primary system fails. 

Reliability-The probability that an item or process performs its intended function for a 
specified time interval under a stated environment. 

Reliability, Dynamic-The ability to withstand a sudden outage in its first few seconds or 
minutes without causing additional loss of facilities (i.e., preventing a cascading 
effect that may lead to widesµ1·ead blackout). 

Reliability, Inherent-The potential refatbility present in an item's design. 

Reliability, Operational-The assessed reliability of an item based on field data. 

Reliability, Starting-The ratio of starting successes to total number of starting 
attempts. 

Reliability, Steady-State-The system's ability to meet demand within specifit!u voltage 
limits and the ratings of transmission lines during outages of some generating units 
and transmission lines. 

Risk-The probability of occurrence of a specific deleterious consequence with a specific 
dimension; e.g., number of fatalities. 

Security-System reliability in the steady-state and dynamic sense during actual opera-
tion, in contrast to its assessment (used by utili ly upet·ating personnel). . 

Standard-A prescribed set of rules, conditions, or requirements established by standards 
setting bodies, concerning definition of terms, classification of components, specifi­
cation of materials, performance or operations, delineation of procedures, or mea­
surement of quantity and quality in describing materials, products, systems, service: 
or practices. 
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Service Life-The period of time during which a material, component, equipment, 
system, or process is expected to perform in a satisfactory manner under specified 
operational conditions prior to wear out or obsolescence and consequent removal 
from service. 

Subsystem-A combination of personnel, equipment, procedures, and practices that per­
forms a subgroup of functions within a system (e.g., "carbon burn-up cell," "hot gas 
cyclone," and "coal preheater." 

System {Major)-A combination of personnel, equipment, procedures, and practices which 
performs a distinct group of functions within the plant (e.g., "utilities system," "coal 
preparation," ."fluidized bed combustion system," "gas cleanup system"). 

System Safety Engineering-The activities identified with the analysis of system design 
and operation for the timely identification and elimination of hazards. System 
safety activities closely parallel those of reliability to ensure that system safety is 
achieved early in the design phase and maintained throughout the system life cycle. 

Trade-Off Analyses-Studies performed to optimize design in which interrelationships 
among performance, technical risk, cost, schedule, and safety are established and 
the effects of variations in these factors are determined. 

Useful Life-The length of time an item operates with an acceptable failure rate. 
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APPENDIX B 

DEPARTMENT OF ENERGY 
FO~n. ENERGY EQUIPMENT DATA SYSTEM (FEEDS)* 

(Extracted from Procedures for the Operation 
and Use of the Fossil Ener E ui ment Data 
System FEEDS , System Development Corporation, 
March 1978) · 

The Fossil Energy Equipment Data System (FEEDS) is being established to provide for the 
collection, analysis, storage, and dissemination of equipment and material failure, avail­
ability, operability, and maintainability information generated through the operation of 
fossil energy plants. The FEEDS program will allow current and future plant designers, 
builders, operators, and managers access to detailed failure root causes, materials prop­
erties and reliability related information. This information will allow them to improve 
the quality of fossil energy plants by furnishing meaningful estimates of maintenance and 
operating costs of future developmental plants and commercial ventures and cost esti­
mates that can determine the economic viability of these projects. 

Selected DOE fossil energy contractors, typically involved in larger and longer-lived 
efforts such as pilot plants and demonstration plants, will be required to collect failure 
information. They will enter it on a Failure and Maintenance Report (FMR) form and 
forward it to the FEEDS Operations Office where it will be screened for completeness 
and analyzed for technical correctness. If deemed necessary, additional technical testing 
and analysis will be performed either at the National Bureau of Standards or at other 
national labs. The original FMR, along with any follow-up analysis will then be included 
in a special FEEDS module of the Government-Industry Data Exchange Program· 
(GIDEP). This information will then be accessible to all FEEDS participants and other 
GIDEP members. 

The overall system management will be provided by the DOE Performance Assurance 
System office. There are six agencies participating in the FEED system with defined 
responsi bili ti es: 

• Fossil energy contractors 

• FEEDS Operations Office 

• National Bureau of Standards (NBS) 

• Govemment-Industry Data Exchange Program (GIDEP) 

• DOE Fossil Energy Project Managers 

• DOE FEEDS management (PAS Office). 

The remainder of this appendix describes the· responsibilities of these agencies and pre­
sents some of the guidE)lines used in preparing and processing the FMR form. 

61 



TR-784 

F~Il. ENERGY CONTRACTORS 

Fossil energy contractors selected to participate in the FEED Failure and Maintenance 
Reporting System typically will be those involved in larger or longer-lived projects. 
These will be chosen by DOE management using specific criteria involving dollar values 
of contracts, expected length of the effort, and the extent to which their experience will 
be valuable in other fossil energy efforts. 

The basic task of the fossil energy contractor is to report significant failures. A failure 
may be defined as follows: 

The rendering of a piece of equipment, a component, or material incapable 
of performing its designed function through break, rupture, the binding of 
interfaces, etc. 

The definition of a significant failure is not quite so straightforward and will be given 
more heuristically. A definition of a significant failure is as follows: 

A failure that affects the operation of the process being investigated and 
that might have a bearing on process upgrading to commercial size or that 
might affect the design, construction, or operation of other research, 
development, or demonstration plants. 

Reportable failur~s, as defined above, are to be reported on the Failure and Maintenance 
Report Form (FMR) form (see Fig. B-1). Fossil energy contractors are to complete the 
form in the event of an equipment, component, or materials failure after the completion 
of corrective maintenance actions. 

As shown in Fig. B-1 the FMR form provides for a complete description of the failure 
including date, time, condition, circumstances, causes as well as a description of the 
maintenance action taken including downtime and maintenance man-hours. DOE has 
developed descriptions, terms, and other guidelines that can help P.ns11l:'e uniform and con­
sistent reporting and processing of failure and maintenance actions via the FMR form. 
Tables B-1 through B-4 present the terms use<l to describe failures·(FM.R, Item 9) causes 
(FMR, Item 10), effects (FMR, Item 13), and maintenance actions (FMR, Item 14). The 
terms listed are not exhaustive, but they are intended to serve as a guide in the reporting 
and analysis of failure and maintenance Actions. 

FEEDS OPERA TIO NS OFFICE 

The FEEDS operations office is responsible for the administrative functions of FEEDS. It 
will conduct technical liaison with NBS and other national labs that will be doing 
reseuoh un failur•c butJc cou3C3. The office will be i't::si;,uusilJle fur cummuntcattng with 
fossil energy contractors by monitoring their reports, making follow-up contact as neces­
sary, and providing them with reports on the status of all reported failures. 
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U.S. ENERGY RESEARCH AND DEVELOPMENT AOMINISTRATIDN 

FAILURE - MAINTENANCE ACTION REPORT 

I. l'roaulProjec:1 

1 Con1rec1ar IN.,.. aftd ..., ... , .. A•pon NufflOl:r 

,. Oateof F .. 1..,e 

1. DNot&J110111 of Feil.a C:0-00,..,.1 

a. CoMoaAen, Emn,onffleft1 IT•111oar••.,...•. wor,,nt M•••,.el. Cofflooa-1,.,.. 
Vetooty. Pr .............. Etc. - No•• IMlie1111• IIIOIIIIHYI - Otnarncll 

,. O..C,,p110fl of P:a,ilu,1 IW...../No• O,.c ... ,..s. ,,t11ta,y • $acoftlMty Fai1111el 

10. C-.. of F .. 1.,,• 

n. Airy P,.,..°"' Aeol•11 II So. Nlenl 

12. 0.-atiftQ Time of eo,........,11 

IJ. Efl•• CM Sya1em/Ple111 

... M111111111nc• As1,on Ta•.-1 

I 1. Collo.c:1 Num_, 

--
I 6. T.meof fa11ute 

11. U..n11111111e1 0..rati811 COoc:11 Moure. T 9fltftl of Na.ial 11, ftle•ftllflf'KI M811fto1,_1ra Aeqvded 

u. o, ........ _. ot felled CofflllO'l9l'lt 

-... A....,111 aftdlOI A1CO,..,.....t1one: 

18. Ne1M of ,,er,a,• MCI 0.11: :Ill. T eleDftO• Numllff 

Figure B-1. FEEDS Failure and Maintenance Report Form 
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Table B-1. FAILURE MODE AND MECHANISM 
TERMS (FMR, Item 9) 

leak 
crack 
break 
physical distortion 
collapse 
fracture 
break 
won't start 
won't open 
won't stop 
won't close 
won't hold 
won't release 
out of operating limits 
out of adjustment 

spurious operation 
false response 
false output . 
no response 
no output 
insufficient processing 
insufficient transmission 
nontransm ission 
degraded output 
inverse operation 
erratic operation 
vibration 
pulsation 
froz:en 
melted 

Table B-2. FAILURE CAUSES (FMR, Item 10) 

corrosion 
aqueous corrosion 
sulfidation 
oxidation 
carburization 
metal dusting 
design 
equipment 
equipment maintenance 
equipment mnlfuncti on 
equipment misuse 
opera tor error 
overstressing 
erosion 
fabrication 
welding 
fatigue 
mechanical shock 
fit't:! 

operational accident 
quality control 
residual stresses 
stress corrosion cracking (SCC) 
stress corrosion cracking 

chloride (SCC-CC) 
stress relaxation 
thermal cycling 
thermal shock 
thermal stress 
overheating 
pitting 
abnormal service conditions 
manufacturing defect 
installation error 
construction error 

· testing error 
maintenance error 
natural end of life 
associatad d~viuai:. 
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Table B-3. FAILURE EFFECTS (FMR, Item 13) 

shutdown 
degraded operation 
loss of redundancy 
process upset 
plug 
reduction of capacity 
no significant effect 
reduction in efficiency 

Table B-4. 

safety hazard 
unscheduled maintenance 
delayed startup 
switch to backup 

MAINTENANCE 
ACTIONS 
(FMR, Item 14) 

repair in place 
remove and replace 
replace parts or subassemblies 
save part . 
dis card part 
no malfunction found 

- ..... _,;,,._ __ 

The office will also be responsible for adding the report number to the FMR and for some 
additional information (such as component description, environment, name of preparer, 
and date) on a coding sheet (see Fig. B-2). 

The additional coding sheet is completed by extracting the required information from the 
FMR (or by direct contact with the originator, if necessary). The coding sheet is 
attached to the original FMR for forwarding to GIDEP. 

The component des~ription s11hfiP.lds are coded based on the information entered in 
Description of Failed Component entry on the FMR form. The appropriate component 
name either is chosen from a predetermined component name vocabulary (see Table B-5) 
or selected by the FEEDS office if no appropriate name is listed. Table B-5 presents a 
partial listing of fossil energy components to illustrate the detail of hardware classifi­
cation. As additional component names appear, revisions will be compiled and distrib­
uted to users by the FEEDS operations office. Also, the construction material of the 
failed component is to be entered, if known. Table B-6 presents a 'partial list of 
construction materials found in fossil energy literature and used in the NBS Failure 
Prevention Informa.tion Center that illustrates the detail of material classification. 

To more fully describe the environment in which the component failed, two additional 
environment subfields will be determined by the FEEDS operations office and entered .in 
the coding sheet. These are two digit numeric fields describing the temperature.(-460° 
to 5000° F) and pressure (high vacuum to 6000 psi) environment of the failed component 
as shown in Fig. B-2. 
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Table B-5. VOCABULARY OF FO~IL ENERGY COMPONENTS (Partial Listing) 

(a) General Process 

auxiliary process equipment 
compressors 
blowers 
heaters 
fans 
motors 
seals 
switches 
transformers 
coils 
filters 
towers 
feeders 

.. (c) Coal Gasification 

lockhopper 
absorber 
producer 
gas preheater 
ash hopper 
stretford unit 
fixed-bed 

gasifier 
gi rate drive 

system 
sttrre.r 
hydrogen 
plant 

· gas genera tor 
gasifier 
regenerator 
methanator 
enga.ger pot 
elevator 
scrubber 
dowtherm tank 
thermal 

oxidizer 

receiver 

(e) Fossil Demonstration 
Plants 

f racti ona tor 
steam generator 
gas cooler 
condensator 
at'Of111:1.Lic condenser 
cold box 
methanator 
dryer, gas, fluidized coal 
still, atmospheric,. vacuum 
sulfur recovery unit 
cryogenic separator 
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(b) Coal Liquefaction 

decanter 
autoclave 
pyrolyzer 
hydrotrea ter 
pulverizer 
reactor 
batch feeder 
condenser 
separator 
fire prevention system 
ventilation system 
catalyst 
vaporizer 

(d) Coal Power & Combustion 

fluidized 
bed combustor 

hopper 
bag filler 
plenum 
air injector 
inverted 

conical air 
distributor 

screw f eedP.r 
bag·huust:! 
deaerator 

velocity 
monitor 
heat 

exchanger 
ball mill 
char pre­
heater 
dust hopper 

flow reactor 
oil storage 
tank 

(f) Magnetohydrodynamics 

aced tank 
LN 2 storage 
LOi storage 
com h111'tor 
MHD generator (linear, disk) 
magnet 
magnet power supply 
conductivity channel 
quench system 
radiant boiler 
peg brick 
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REPORT NUMBER 

COMPONENT DESCRIPTION 

COMPONENT-NAME 

COMPONENT-NUMBER 

MATERIAL 

MANUFACTURER 

ENVIRONMENT 

TEMP 

PRESS 

PREPARATION-DATE 

Figure B-2. FEEDS Operations Office Additional Coding Sheet 

The FEEDS operations office also is responsible for a ~ubstantial amount of reporting 
with three major responsibilities. 

• FMR Status Reports. Each month, the FEEDS operations office will provide a 
report indicating the status of all FMRs. This will include a brief abstract of 
each failure reported, the source .of the report, and the status of any further 
investigation arising from the report. This FMR status report will be sent to all 
participating contractors, DOE management, and appropriate members of NBS. 

• Quarterly Status Reports. These will be sent to the DOE PAS office, the agency 
managing FEEDS, which will route them to appropriate agencies within DOE. 
These reports basically will be summaries of the activities of FEEDS and includes 
statistical data on the numbers of FMRs processed, proposed, or actual changes 
to the search system, and management and financial status reports. Data on the 
usage of FEEDS will also be included. 

• GIDEP Quarterly Progress Reports •. As a condition for membership in the GIDEP 
System, GIDEP requires a quarterly progress report showing data summaries, 
data utilization, and costs avoided through use of the system. This report will be 
submitted on a form provided by GIDEP and should include generally the same 
information as the quarterly status report to DOE. 
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Table B-6. MATERIAI.S OF CONSTRUCTION. 

alonized metals 
cast iron 
ceramics 
copper 
Hastelloy Y 
HD-40 
Inconel 600, 601, 617, 702 
Incoloy 800 
Incoloy 825 
Kennametal 701 
refractory 
stainless steel 304, 310, 316 

321, 321H, 330, 347, 440C 
446 

steel 
carbon steel 
cast steel 

stellite 
supertherm 
7079-T651 aluminum 
30/70 tin-lead solder 
50/50 tin-lead solder 
95/5 tin antimony 
MgO cored and checker brick 
high purity and density magnesia 
alumina and zirconia tubes 
zirconia-alumina-silica te 

materials 
AI2o3 - Cr203 
Al 2o3 - Fe2o3 - Cr2o3 

SiC 
ZrB2 - SiC 

In addition to the major coding and reporting responsibility of the FEEDS operations 
office, several additional duties are required. Its responsibilities are to: 

• Participate in evaluating failure root causes by obtaining additional technical 
expertise as required from NBS or other laboratories 

• Forward FMRs to GIDEP for inclusion in the fossil energy module of the data 
bank 

• Copy all FMRs submillecl and adc:Utfonal coding forms completed and mnintnin a 
file of the copies · 

• Maintain an FMR log showing the status of all FMRs 

• Maintain liaison with selected fossil energy contractors to ensure complete fail­
ure reporting 

• Receive reports from GIDEP and circulate them to participants 

• Act ae; formal GIDEP representative and corn ply with lheir reporting require-
ments · 

• Prepare and circulate quarterly summary reports to DOE management and 
FEEDS participants on status and usHge of FEEDS 

• Act as training liaison for participants wishing to use the FEEDS/GIDEP retrieval 
system 

• Act as liaison with GIDEP to incorporate any changes or improvements in the 
.GIDEP retrieval system 

• Incorporate improvements/additions to the FEEDS program as they are developed 

• Coordinate expansion of the FEEDS program to include operability and avail­
ability data 
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• Provide occasional searches of GIDEP data banks for FEEDS participants 

• Periodically update the FEEDS search methods and vocabulary as experience 
with the data warrants 

. ' 
• Coordinate with DOE project managers to ensure contractor compliance with 

reporting requirements: 

NATIONAL BUREAU OF STA:N:JJ4~D8 

The National Bureau of Standards will act as the chief technical arm of FEEDS using its 
expertise in materials and failure analysis. Its responsibilities are to: 

• Provide a member to the FEEDS _office who will be responsible for technical 
evaluation of the failure and maintenance reports 

•· Provide office space and administrative support to the FEEDS operation office 

• Make available personnel for technical consultation on failure root causes 

• Recommend appropriate laboratories for the performance of additional testing 
and analysis on failure components as required 

• Provide access to the NBS Materials Failure Prevention Data Center. 

GOVERNMENT-INDUSTRY DATA EXCHANGE PROGRAM 

The Government-Industry Data Exchange Program (GIDEP) is the data entry, computer 
and microfilm storage, and information retrieval arm of FEEDS. It is located at the 
Fleet Analysis Center in Corona, Calif., and currently provides acces.s to general engi­
neering, metrology, reliability and maintainability, and failure data to about 450 partici­
pants. GIDEP will establish and maintain a fossil energy module to accommodate 
FEEDS. 

Specific responsibilities of GIDEP are to:_ 

• Receive failure and maintenance reports from the FEEDS operations office 

• Enter FMRs into the FEEDS module of the GIDEP data bank 

• Conduct training and other liaison with the FEEDs operations office as required 

• Provide its regular reports to the FEEDS operations office and to other FEEDS 
members who become members of GIDEP 

• Encourage use of the FEEDS data base by other GIDEP users 

• Provide the FEEDS office information on the utilization of the fossil energy 
modulP. of GIDEP 

• Implement modification of the FEEDS search vocabulary as specified by the 
FEEDS operations office. 
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DOE FOSSil., ENERGY PROJECT MANAGERS 

The DOE project managers are the vehicle through which FEEDS is to be implemented. 
They require contractor participation in the system. They will receive the monthly and 
quarterly reports generated by the FEEDS office. 

Their specific responsibilities are to: 

• Issue directives to contractors to fulfill their responsibilities within FEEDS 

• Include a requirement for failure and maintenance reporting in new contracts 
with appropriate contractors. 

DEPARTMENT OF ENERGY FEEDS MANAGEMENT 

The DOE Performance A&c;urance System (PAS) office is the primary management and 
control arm of FEEDS. The PAS office will coordinate direction of the FEEDS program 
with the Materials and Exploratory Research Division of DOE fossU energy. FEEDS 
overall direction and major changes in approach, emphasis, or method will originate with 
DOE management. 

Specific responsibilities are to: 

• Provide direction and coordinate funding for FEEDS 

• Encourage contractor participants to fulfill FEEDS requirements 

• Contract for expansion of the system to include operability and availability data 

• Give final approval to all reports, forms, etc. 

• Maintain a computer terminal and microfilm reader/printer for access to GIDEP, 
and illustrate the FEEDS program to those interested. 
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APPENDIX C 

BONNEVILLE POWER ADMINISTRATION (BPA) 
QUALITY PROGRAM REQUIREMENTS AND SURVEY REPORT 
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BONNEVILLE POWER ADMINISTR.AflON (BPA) 

SPECIFICATION 

BPA Specilicatioa 
EMQ·l.3C 
February 3, 1977 
Paaelof4 
SUPERSEDlNG . 
EMJ,1.38-Sepc. 15, 1975 QUAJ.JTY PROGRAM REQ(!IREMENTS 

4·1 GENERAL 

'1-1.1 SCOPI::. This specification es&ablisbes requirementl 
for ii qu;1hty proeram which shall be developed and maintained 
by the contractor to assure that materials. products, and sanice 
are in compliance wich the requiremenu of related concracta. 

4•1.2 CONTRACTUAL INTENT. The axtenc and 
complexity or the contractor's pro,nm, as requirwd to mNt 
tlw requirementl of thia specification, shall d1C,.nd on th, 
products involved, th• technical aapeets of maau.lactura, th, 
degree of subconuactin1, aad th, concraccor's facility and 
or11niZition. SPA Qualicy Prosnm Rawi.,., will be baMd on 
thee rac:tors and condiliona. 

•4.1.3 QUALJTY PROGRAM REV(EWS. Th, contractor's 
proiram ~ii.ill be subj«t to review by BP A until ii meell the 
rl'quiremenL\ h11rein and has been approved. Thereafter, the 
quulit y prnll!'am sh11ll be subjecc to resurvey on a 2. to 3-year 
b.i.,u; or at any time the quality proaram ii not accomplilhin1 its 
objectives. Quality surveys and quality program surveiJ!ance will be 
rnndut·tcd by the'Bt'A Quality Aii.wrance Orricer. 

IC thi: ,·ontractor·~ quality pro1nm hu not been previously approved 
by BPA. the contractor should submit his quality protiram manual to 
the HP,\ (Juality A,'i.'\Urance Officer for review within 45 days after 
coniracc award. If need be, special arran1ements can be made for 
BPA to review the manual at the contractor's facilities. ACter the 
manual review, BPA will conduct a physical survey for implamenu­
tion of the quo1lity protr3m. The contractor's quality prollffll will be 
approved upon satisfactory damonsuation that it meets the require• 

· menL~ herein. 

The contrilclor's quality program is subject lo disapprovaJ by the 
Contractin1 Officer whenevff the contractor's prol!Rffl does not 
accomplish its objectives. 

4·2 COORDlNATlON WlTH BPA 
ENGINEERING REPRESENTATIVE 

•4·2.1 The contractor's quality proaram shall allow lor co­
ordination with the control actions of the BPA En1ineerin1 
RepftWntative (ERi as outlined in BPA Specification EMQ 1.1 
CONTRACT :'otANAGEMENT PROVISlONS. however. performance 
or these control actions by the BPA ER does not n,lieve the 
contractor of his quality re111onsibiJiey. 

"4-2.2 The BPA ER shall have accesa to the contractor's 
dra,,;T,ip,°specifications. records, purchue orden, and ocher docu­
menca as required to accomplish these control actions. 

·4·2.3 ACter any desiiin or qualiCication test has been approved 
f ecrective point l, sipiCicant changes shall not be made in desi1n or 
manuracture without approval by the BPA ER. 

•4.2.4 Inspection and test plans shall be submitted to the BPA 
ER ~iew and comments. The plan is subject to disapproval by 
the BPA l::R when ii is not adequate to accomplish its objectives. 
Objective evidence or inspections and tests mad• to this plan silaJI be 
readily av~ilable to the BPA ER prior to ihe BPA ractory release oi 
material <>r equipment. 

4.:1 DOCUMENTATION 

4-3.1 The contractor shall establish ilnd maintain written 
procedum definin1 hia qualicy procram. The concraccor's 
written documentacion shall include, buc not be limiced to, the 
requirementa of thia specificacion. 

4-3.2 The term "quality manual" shall be und""ood to 
refer~hia written docum,ncacion, buc it is also underscood 
tbac the documencacion mav be diacribuced tbrouahouc the 
concraccor's oraanincion in the -form of manual&, procedures. 
ecc., which is ICCel)table aa Ions aa a primary documenc, which 
is traceable to secondary level documents, is maintained. 

4-4 QUALITY PROGRAM MANAGEMENT 

...:!:i.l. To ISlllre timely and effectiw manatement, the 
prosra,n mall: 

a. Make functional a&1icnmenca 10 implement each element 
or the total protram. Personnel performina quality proaram 
runctions shalr have sufficient, well-defined responaibilicy, 
101ether with adequate authoricy and oraanizacional freedom co 
fulfill the responsibility. 

b. Provide for the necesaary trainin1 for all personnel who 
are involved in the qualicy procrun. 

c. Provide for internal audica of all procedures and 
operations to compare actual operations with esiablisbed 
requirements and to develop neceuary recommendations. 

d. Provide for qualiCy cosc r,tporCiq includiq scrap aad 
rework cosca, field failure and warn.nty cosca, inspection and 
tes& cosu, and pravencion costa. 

e. Provide for periodic mana1emenc reviews of the status 
and ertectiveness of the total pro1ram. 

4-4.2 To assure timely and ei!ective processin1 oC the 
cusc~ order. the procram shall: 

a. Provide for initial reYiew o! the order to identify and 
plan for any special desip, manu!acturing, testinr, shippiffl, or 
other requirements, as applicable. 

b. Provide for clearly defined channel of communication, 
both internal and external. 

c. Provide for efCective_ plannina and schedulin1 oC 
submittal of required technical documencation. 

d. Provide for desip review to ensure that customer 
requirements are fully included and to ensure that the overall 
quality of desilfl is "llaintained. 

4-5 DRAWlNCS, SPECIFICATIONS, AND CHA.'iGES 

4.5 .1 Technical documents. such as product and material 
specilkwons, drawin1s. work instructions, route sheets and 
assembly and process specalications shall include, as appiicable, 
the followin1 information: 

• Revisions sine, September 15, 1975 issue are muked by asterisks. 
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Bl' I\ Spet·ifi1·aliun 
l•;M(l·l.:11: 
1-'ehn.rnrv :1. 1977 
l'aice :! 111· ·1 

a. <:haral'lerisLic!I and 
pro,·urr.menL, fohrir.aLiun, 
,,,,.~r:1l111ns. 

desicn 
ai..wmbly, 

crileria necessary 
in.~pec:liun, and 

ror 
lest 

b. C hilracLeristic tolerance for all dimensions. procesa 
variable!!, or measured attributes specified in the technical 
.documenL~. 

c. ldeMification lo which procurement, fabrication, 
prOCOlllinc. inspection and test can bt relaced, i.t., unique pari 

or piece m111k numbtr. 

4-S.2 Tha conuactor shall maintain a chan1e control 
~~ all technical documenca, which shall: 

a. Ensure Lhat only current documents shall bt nailable to 
operaling penonnel. 

~- Provide ror initi<1tiQn or documented chanp 1'1!C111$, 
,111J , .... ul~iuic d~i!liuns. 

c. Prnvide for rewiew procedures . to ensure that proposed 
chanl?U will not adversely affect quality, reliability, or 
compliance with conu1cl requirements. 

d. Provide a system for implementin1 and recording 
prod_ucl· revisions at effective points. 

4-5.:J The l'Onlr.u:Lor's quality per.ionnel shall participate 
an des11?n review!! Lu ini.urc that de!!iRns permil and facilitale 
pnidu,·ihiliLy. inLcrch11n1?euhility and · inspectahiliLy, and that 
olhcr rel.1L~-d riualiLv l"on!lidcrations are oblilined. Quality 
per.,1111n1:I !<hall ,·unducl Limely ruiews of technical documents 
and ,.,,11ri11Lcd chan1115 Lu in:1Ure Lhat all necesury information 
has been included and that the requirements ue clear. 

....1:§..1. Adequa" provisions shall btt made to mur. !hat iill 
necessary customer specifications, drawings, and quality 
provisions are readily available to the contractor's en1ineerin1. 
prnduc1i11n, ;ind quillity personnel. 

4-6 CONTROL OF PURCHASES 

-1-13. I Thi! ~nnLractor ,~ responsible fur a&auring that all 
supplit!!! and services coniotm lo contract requirements. This 
re5pons1h1lil y includes: 

a. The seleclion oC qualified suppliers. 

b. The transmission of all technical and quality 
requm1m.nt1 lo &11p11li,!'G, 

C. The evaluation of procured articles agains order 
requirements. 

d. A system to assure and' record action to correct and 
prevenl recunence of discrepancies Cound in r,onrrai:tor 
purcha.wd tlems. 

e. Provadini: technical as.sistance and trainin1 to suppliers 
when ncre,;s.ary to achieve required quality levels. 

4-6.2 The conlractor's quality control ori:anization shall 
hilv~ ,,ulhomy lU disapprove the use of suppliers who do 

not have a 
requirements. 

quality system_ to meet the procuremenl 

4-6.3 Objective evidence shall be kept on file Lu show that 
all materials, articles, and processing received by the contractor 
for subsequent incorporation into end products meets the 
customer order requirements. 

1::!b! When BPA witnta ii required by tbe contract 
Assurance Inspection Requirements (AIR), the purchase order 
shall: 

a. Stace that BPA witnea is required. 

*b. Supply name and addresa oC the BP A ER. 

•c. Instruct the suppliers to coordinate the BP A ER contTOl 
actions through the contractor's organization. 

4-6.5 lnYl!ltigations by BPA at the supplier's plant will be 
performed with the knowledge of the contractor. When BPA 
elects to perform inspection at a supplier's plant. such 
inspection shall not be used by· the contractor as evidence oC 
eCfective control of quality by his supplien. 

4-7 RECEIVING INSPECTION 

4-.7.1 The contractor's receivin1 inspection system shall 
includethe Collowini: 

a. Written instruclions Co, the inspection. sampling plan. 
and acceptance criteria ,,r all purchased suppliei. 

b. Records of tests, inspections, and certification.~ on 
purchased supplies. 

c. Mechoda for idcntif:,rinc, haraJli111, and siort111 lneoffllftl! 
supplies. 

d. Methods Cor segretliation of nonconforming supplies to 
prevent their Ulil. 

4-8 PROCESSING AND FABRICATION CONTROL 

4-8.1 FABRICATION CONTROLS. The contractor shall 
control his work operations including machining, fabricl!~ine. 
and asilimblin11 to ensure 1hat speciCied characteristics are 
obtained and maintained. Detailed Cabncation documents shall 
be 11rei,ared Cor usa by prl'.'1'.!uc:tion personnel conducting such 
opentions and shall include: 

a. Identification oC the article. 

b·. Toolin1. jigs. fixtures. numerical tapes. and/or other 
equipment. 

c. Characteristics ~nd allowable tolennces. 

d. Detailed work instructions for controlling operations. 

e. Special precautions. 

C. Workmanship standards. 
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1-H.2 l'KOCl•:SS CON'l'ROl.'i. Thi! 1·11nlrad11r sh.ill 
imph,m•!nL l>"'c:l!!ili c11nLmh1 lu ;L,.,~un: uniform qualily. Suc:h 
pril4"1!"-"-"' int'iu,li, Wl!ldinu, h!!al lre;iLina:. 1·urini:, imprea:nation, 
Jry1n11. plaLina:. po1inlin11. and surfo1-e lreaLmenL. 

In ;1Jdilion. riondestrucLive le5'in11 prul-ewts such .is 

radiour;1phics. ultrasonics. dye penecrant. and ma1netic particle 
shall be l·onLrolled to ensure adequate indication oC the 
pmduc:t 11r materiu quality levelL ProctlSI procedufft shall 
dec:ribe: 

a. Applic:.iLion o( lhe pro~!ia. 

b. Preparation of the articles or mat.erials. 

,. . [)et;nled in.~ructions. 

,t. Fac:lurs and l'Ondition8 to be maintained dunn1 each 
slt,p. 

l'. M,•lho<is 11f verifyinc the 
sul11L11111s. rqu1pm11nl. environmental 
Loleranl'l"'· :111d rrcquenrv of checks. 

adequacy 01 ingredients, 
conditions. their related 

r. Records ri,r documenting the routine conLrols. 

4-li.:l n:RTIFICATIONS. The contrarlor shall provide rnr 
l he r,·rt ifir.11 iuns or p11r.;onnel, equipment. ..nd procl!:i.\ 
pror1!dur1"' rN1uirini: submittal hy tile l"llnlrart. Ccrufyrni: 
records <hall hr. maintained. 

·1-li.·1 WORKMANSHIP STANDARDS. 
\Yor~1p--;:i:,11dar1b shall be ,in 1nle1:ral piirl 
,·unlr:wtur\ riu;1liLy prni:ram. 

Ceneral 
ul lhl! 

4-R.5 rltOCF:SS · 1\ND FABRICATION AUDIT. The 
c11ntr;u·111rs 11u;ility priocram sh.ill inr:lulle pliinnC!d perindit· 
.1urlils lo as.,ur~ compliiinl-e wilh. all proce~ and rabri!"ation 
documentalmn. 

4.9 TOOLING 

·1-9.1 The contractor shall verify toolin11 by means ,if 
f>C!rrodic: 1ns1ier1ions lo verify lheir continued ac:curncy in use, 
and the wsulls shall he rec:orded. 

-1-9.2 Wh,·n P"•ductiun jigs, fixlures, templates. pJllerns. 
and su1·h 111her devices are u5l!d in inspection, their acc:ur:icy 
shall he rhecked al pl!Tiodic intervals, and the rnults shall be 
recorded: 

4°10 MATERIAL IDENTIFICATION AND STATCS 

..±.!.2J. The Qu.:ilicy Proeram shall provide pror:edures ror 
1dent1fir:11t111n of product, pro.:N6. ii1Sj)t1."li1111, Jnu l1•s1 s1.nus 
lhroui:houl ,ill phnses ,,r manufilcture ;ind stornce. 

4· 11 SHIP!'tiENT AND STORAGE 

~ The c:ontractnr's quality pro1ram shall provide 
procl.'ciur~ for control nr quality durin11 storate and shipment 
in order Ill prevent damage. losa. or deterinrat 10n. SuL"h 
procedu1e:1 o11ll ipeciCy the m,echod,. mij11:riills. dur:umen1a1ion, 
and sper:1ai r:U5'0ffll!T requirements required for handlin11, 
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sturina:. prl"S<irvina:. p,11:kiltini:, p.1ckinti, markina. cWll.omcr 
rclcasini:. and shipment. 

4-12 MEASURING AND TEST ~QUIPMENT 

4-12.l The concrar:tor's quality proeram procedures shall 
identify the or1anization l'ftpOlllible ror maint.iininc and 
c:.ilibra1in1 measurin1 and test equipment. 

4-12.2 All measuring ancj teal equipment shall be 
mai~ and calibrated prior to initial use and at periodic 
intervals. Records and controls shall be es&ablished to insure 
that this function is periormed on schedule. Renew procedures 
shall be established to adjust the Crequency oC maintenance and 
calibration as required lo maintain continued accuracy at all 
times. 

4 • I 2.3 All ll!!lt and measurement equipment shall be 
periodically c;ilibrated against a standard or greater accuracy 
Jnd a known relationship to U.S. National Standards or other 
basic standards. 

....±lll The contractor shall maintain individual records o( 

measuremenl standards and equipment. These records shall 
include identification of equipment to be c.ilibrated. 
identiCic:ation oC calibration pros:edures. calibration intervals, 
dall.'S. and rt>5ulls of each calibration. due date of next 
c:iiibrat1on. individual performing calibration. and calibration 
facility. In addition che condition and .iccuracy of the 
equipment rec:eived for recalibration shall be recorded. 

· 4-12.5 All measurement standards and equipment shall be 
uniquely identified and be labeled. t.igaed. or coded to indicate 
l"alihration status and due date or next calibration. 

4-13 INSPECTION AND TEST REQUIREMENTS 

4-13. I GENERAL. The contractor shall plan and conduct 
an inspec:tion and test proeram which demonstrates that 
cuntracl, drawinl?. spec1iication, and quality provisions are met. 

4-13.2 INSPECTION · . .\.'JD n:sr PLA.\/NING. Such 
pl .. nning shall encomp.iM all are.is oi produccion including 
materi.ils. components, subassemblies. end items. and preparation 
fur delivery. Inspection and lest plans shall include: 

,1. Produc:lion rlow and inspection ·stations beginning with 
receivin11 inspection. 

b. Characteristics to he inspected. 

,. Cross-reference to detailed. inspection and test 
procedures . 

d. St1mplin11 Plan. 

e. Cuordi1iauo11 ,,I' inspection and tests to be witnessed by 
the customer. 

r. Data lo be submilled to customer. 

g. Nonconiormance instructions. 



KP/\ Sped(icalion 
l•:MQ-1.:1c: 
(<'ehruarv :1, I Y77 
l':iice '1 .... '1 

4-13.:'I INSPt-:cTION AND TEST PROCEDURES. Written 
procedures shall he prepared for each inspection and tesl 
11p1m1linn. 'l'hl'v shi11l be rendily av111lable Lu inllpC!t:tion and tesl 
pena1nrwl ill Lh11 . .applic:ibht iru1pec:lion s&.Linn ill the, time o( 

iMP9Ct111n ilnd Lea. ~ch proceduN shall include, u applicable: 

a. ldentific:.atiun oC tbe article or material. 

b. Samplin1 plaa or quetity to· be tesr.ed or inspected. 

c. Dec.ailed sequential ins&rucciona. 

d. Me.asurement characteril&ia .and required meuurina 
f'qUipmvnt. 

e. Act·epc.able tolerances, witb reference to specilicaciona or 
drawin115. 

(. Ace11p&.1nce and rejection criteria. 

" ,\lluwnhle adjustment, repair, or rework. 

h. Ri,t,iuiremcnts for data recordinc ilnd reponinc. 

i. UisposiLion 11( anide or materi.al. 

-l-14 QU,\LJTY RECORDS AND 
INFORMATION FEEDBACK 

-l-1 ·1. I Thi! .-onuactor shiill generate illld maintain records 
n( ~1mm11. in-proct~. and Cinid inspection and test data. 
The!!e ret:orris shall indicate item identification. the actual 
mea,,uremt•nL nr I esl result, amount inspected or tested, amount 
:it·ci!pl.1hl11, ,1muunl ri!JKled, number and type ol' deficiencies, 
lot size, dispo5ition, operator identification .ind date. 

4-14.2 Th11 contractor 5hall 1ener1te and maintain records 
lo ,,h1ec-tiYely document qualily program activities. Such records 
1n.-lud11 en11incerin1 changl!IS. corrective actions. internal audits, 
,·ahhra111,n rt!l·•11U5, field reports, cuaomer survey, and quality 
,·nsL cl,tl,&. 

4- J -t.:I Rcrurd retention policy shall' be established for 
each I YII" 111 rrt·ord and its location. Records of inspection and 
ll!!ILS performed nn SPA contracts shall be maintained (or a 
pe~ind "' at lea~ 3 yean from the time of final delivery. 

4-14.4 The quality prolfllm shall provide (or the 
summary, i1nillysi:.. and use of quality records as a basis for 
mana1eml!nt actiun in each element o( the quality prosr1m. 

-l-16 NONCONFORMING ~ATERIAL 

.-:!:.!.:L!. Thi: l'untr11ctor !!hall establish and maintain an 
eHeclivc syslem for controllinc nonconforming material. 
indudin1 proudures (or its identification. segregation. and 
disposiuon. 

4-IS.2 The contractor shall prepare and isaue documents 
for ~nconformance containin1 as a minimum: 

a. A Serial Number. 

b. ldentirication nC the nonconforming mc!teri.iJ. 

c. A description oC the nonconlormance, c:hancteri.s&ic 
requirement, and tolerance. 

d. Function responsible Cor the nonconCormance. 

e. Dispo1ition oC the nonconforminc materiaJ: Scrap, 
rework, or repair, return to ,upplier, or submit to internal 
matftial reTiew. 

C. Method oC rl!'Work or repair. 

I, Reinapection and test method and result,. 

h. Dates and signaturl!IS oC authorized personnel. 

i. ldentihc:ation oC repeat nonconformance. 

j. Establish need ;ind rl!Sponsibility (or corrective action to 
pr11nont recurffnce of the nonconlormance. 

4-15. 3 The contractor shall maintain t-he records of all 
no~rmance (or trend detection, c.iuse analysis, and 
corrective action. 

4°16 CORRECTIVE ACTION 

...±!ll The contractor shall establash and maintain a 
corrective .1ction ~ystP.m to promptly detect and correct 
.wicnable conditions .idverse co quality. Corrective action shall 
cuver all areas ,1f rnnrrarr,:,r QjMrt1tion1 ad oatontl 10 1111 
suppliers and deficiencies reported by users. 

4-16.2 Each corrective action 5hall be executed according 
to the $teps nf the following closed loop with the results of 
a1·tiuns compiled on a separate document for this purpose: 

J. :'>lotification of function responsible for deficiency. 

b. Determine extent and causes. 

c. Establish preventive actions. 

rt. RP.work of existing product in all aonditions of 
completion. 

e. Followup to ilS&Ure completion oi corrective action . 

f. Review of eCCectiveness. 
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ELEMENT 

4-2 COOIU>INJ\TION WITH Bl'A 
QUALITY CONTROL REPRESENTATIVE 

4-2.1 Thi, .. onLra .. Lor 's qualiLV pro~ram shall allow for 
n,ordinaLiun w1Lh tht! nmLrol a,·tions of Lht! BP,\ QCR as 
11uLlined in BPA Spc,·ificallon EMJ I .I CONTRACT 
MANAGEMENT PROVISIONS. however, performance of Lhese 
cunlrol actions by tht! SPA QCR does nol relieve the 
conlractor of hill qualily rt!spunsibility. 

"'4-2.2 The BPA QCH shall have access tu the conlraclor's 
drawings, specifil·ations, r,icords, purchase ,irders, and other 
documents as required to at"C·11mplish LheS1! ,·ontrol acLions. 

Co1111111:mts 

RATING 

WORKREQD ACCEPTABLE 

VOID IN- AOE• OUT' 

COMP QUATE STNO 

-----------------------------1------------------- .. ------+---+--=+.---if---
"4-2.3 /\Iler any dcsil(n or qualifit·al ion I l•sL has been 

.,pproved (effertive point). sii:nificant ehant:l'S sh~II noL !w midi.' 
111 desil!n or manufacLUrt! wiLhouL approval by th,· Hl'A (~H. 

*4-2.4 Inspection ,ind tesL plans shall be submiLLed lo lhe 
BP:\ QCR for review and comments. The plan is wbif~I to 
d1s.1pproval hy Lhc HPA QCR when ii L~ n111. ade11uatc lo 
~n:omplish its 11bje1·LiVl's. OhJl!divc cvidr.rwc of inspc1·11ons and 
tl-sts made Lo Lhis plan shall 1)1' readily ava1lahle Lo the IJPA 
QCH prior lo the Bl'A fadory rel1,ast! 11f maLerial or 
equipment. 

4.;i DOCUMENTATION 

~4-3.1 The c1,11tral·tor sh.ill cslahlish .tnd main1ain wrillcn 
procedures dt!finin~ his qualiLv pm~ram. The nmlra,·tor's 
written documenrnll<ill shall inl"ludP, but not b., hm1LL-d tu, the 
requiremenr of I his spcr:1fi<·.1tiun. 

•4-3.2 The term "quality manual" shall he understood to 
refetWlhis written documentation, but it is also understood 
that the dornmentation mav be distributed throughout the 
cuntradur's ,>q:ani:tation in the form of manuals, prrn·Prlnrrs. 
etc., which is acceptable as long as a primary document, which 
is traceable Lo secondary level d()(:umcnts, is maintained. 

4-4 QUALITY PROGRAM MANAGEMENT 

*4-4.l To assure timely and effective management, Lile 
program shall. 

a. Make functional assignments tu implement t•ach element 
of the total program. Personne! performing qualily program 
functions shall have sufficient. well-0efined responsibility, 
together with adequate aulhurity and urganjzaLiomd freedom lo 
fulfill lhe responslblllty. 

b. Provide for the neL·eS!Jary training for all personn11I who 
are involved in the quality progr1tm. 

1------------------------------·-'-------------------·-----'-------+-----+---
c. Provide for internal audits uf ~II pr111:eduri:~ and 

operations to compare actual operations with established 
requirements and to develop neceSSilry rccommendalmns. 

t-------------------------------------·-------·----··-------+-----+----+-------
d. Provide for quality t·ost reporting including Sl·rap and 

rework cosls, field failur11 and warranty c·osls, inspet·tion and 
test costs, and prevention ,·osts. 

l----------------·--------------1,-.-·----··-----------------.--- ·----f---+--

e. Provide for periodit· manu11emenc reviews of th,.• status 
and effectiveness or lhe tolal pru11ram. 
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RATING 

ELEMENT Comments WORK REQO ACCEPT A Bl.E 

IN• ACE• OUT• 
VOIO 

COMP ICU ATE STNO 

•4-4.2 To assure limely and ecreclive processing or the 
:ustomer's order, lhe program shall: 

a. Provide rur initial review or the order to identify and 
plan for any special design, manufacturinR, testing, shipping, or 
other requirements, as applicable. 

b. ·Provide for clearly defined channel of communication, 
both internal and external. 

~- Provide for erreclive planning and scheduling or 
submiual of required lechnical documentation. 

d. Provide ror design review lo ensure lhal customer 
requiremenls are fully included and to ensure that the overall 
quality of design is maintained. 

4.5 DRAWINGS, SPECIFICATIONS, AND CHANGES 

•4.5_ 1 Technical documents, su,·h as product and material 
specifications. drawings, work tn!\lrUcLions, route sheets an<l 
assembly and proces.~ specifications shall include, as applicable. 
the following information: 

a. Character isl ics and dcsii:n l'rll~rlil llC?l'CS.'i.ilf\ l'f)f 

prn,·uremc"nt, rabrieation. assembly, ins1wrl11111. and Lcsl 
operalions. 

b. Cha r,1 ,· I eristil- tolernnn, for all dimensions, process 
variables, or measured atlribu11•s spcciried in lht, tcchnit-al 

. 
documents. 

, .. Identification lo whi,·h ~ro,·urtn1enl, rahrication, 
processing, inspection and test can he reliited, i.l' .. unique part 
or pieu, mark number. 

·4-5.2 The contranor sh,,11 mainlain ~ ,·h,111ge control 
s~·stem fnr all lechnical ducumenls. which shall: 

d. Ensuri, that only currnnl documents shall be available lo 
up,,raling pi:rsunnel, 

b. Provide for initiation or documented change requesL~ 
Jnd resulting decisions. 

C. Provide for review pron-du res to ensure that proposed 
chani:cs will nol adver~ly affi,d qualit)". reliability, or 
compliance wilh contracl requiremenls. 

d. Provide a system for implementing ,ind re1:urJio1: 
product revisions at effective points. 

•4-5.3 The contractor's qualily pel'!i0nn11I shall partmpate 
in design revi11ws to in~ure lhal d11signs p!,!rmit and facilitate 
pruducibrlity, interchangeabilily ,ind insp1e1·Lability. and thal 
c,ther reh1led qu11lity consideralions are obtained. Quality 
personnel shall conduct limely r11v1ews or lcchnical documents 
and associaled changes to insure that all necessary information 
has been included and thal the rl!quiremenls are l'lear. 

«.u,.4 Adequate 
.. 

shall be made lo :issuft'. that all prov1s111n~ 
net·t~sa ry customer sperifiratiuns, drawini:s. and quality 
provisions ar,• r11adily available tu the contractor 08 engineeri~ic. 79 
production, and quahty perliOnnel. 
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RATING 

ELEMENT 
Comments WORK REQO ACCEPTABLE 

IN• AOE• OUT• 
11010 

COMP QUATE STNO 

! 

4-6 CONTROL m· PURCHASES 

4-6.1 The n,ntraclur IS responsible fur as.'iuring Lh.it all 
supplies and servic(.is <·onform to l"ontral'l rt!quiremenls. This 
rn,;ponsihility indudt:s: 

a. The selet·I iun of qualified suppliers. 

h. The lr11nsmiuion or all technit•al and quality 
requirements lo suppliers. 

C. The evaluation of pro,·ured .irticles a11ainst order 
requirements. 

d. A system lo as.sure and ret:ord a1.:11on lo t·orrect and 

prevent rel·u rrence uf discrepancies found in contractor 

purchased items. 
-· -· .. ··--

e. Pruv1dini: technical as.o;istance and trainini: to suppliers . 
when nel·tssarv to achieve required qualitv levi-b. 

. -- --
4-6.2 Thi• t:onlra,·tor's quality control organizat.ion shall 

have the authority tu disapprove the use uf suppliers who do 

nor have a quality system Lu meet the prll(·urement 

requirenwnts. 

-1-6.;i Uhje1·1ivc l'Vldt-nc·c shiJII be kept un file lo show that 
,di ~rials, urtidl1S, and J)fO('t!S."ilnt,: received by the t"ontraclor 

for sub~qul·nl innirporation 1ntu end pruducls meets the 

t"UStumer or<l,·r requircmt•nls. 

4-6.4 When Hl'A w1Lncss IS requm,d by the contract --
Assurance Inspection llequiremenls (AIR). the purrhase order 

shall: 

d. Stale thal Iii'.\ wir OPSS is required. 

b. Supplv name a11J address uf LhP tll'A QCR. 
.. 

•c. Instruct rhe suppliers tu coordinatt the HPA QCR 
c·ontrol Jt·tions through the contractor's organizati,1n. 

-- - --
-1-6.5 lnvest1i:ati, ins h~ HPA at the supplier's plant will hi, 

performed with the kn11wled~e of the t·untractor. When HP:\ -
l'lecls Io perform inspet·uon at a supplier's plal)l, surh 
inspection shall not be used hy the contractor as evidt•m·e uf 
effective control uf qualit \' QY his ~uDplier~. ..... 

. 

4.7 RECEIVlNG INSPECTION 

-1-7.1 The conlr.sl'f,,r's rl'Cl'IYlnl: ins~t·tiun syst,;m shall 
1m·iuul' lhl' rollowing: 

... iJ. Wrr111•11 1nstru1·L1ons ror lht IIIS!-"'dion, samplin11 plan, . 
and ,1l·1·ep1 .,111·e c·rrlerr,, of all puri·hasL'<I supplil's. i ----·· ----···--- --- -----·--·------·-- - .. -- --·--·-· ·--------

b. Records of tl'Sts: inspec·t 1, ,ns, and cl!rti1'1t·atiuns vn I purrhased supplies. 
I --· . ·------- ---- -

C. Methods for identifying, handlin11, and storini: inromini: 
I 
i 

supplies. ! 
' ·-·-----· ·- -·-····-------· ----------·--- ·-··-·--·--- ··--------- --

d. Methods for sc11re11ation ,if 11vnconfurm1n11 supplies lo 

prevent their USl'. 
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RATING 

ELEMENT Com men ts 
WORK RECIO ACCEPTABLE . 
VOIO 

IN• I ADE" ou·T· 
COMP jCl_~ATE STNO 

4-8 PROCESSING AND FABRICATION CONTROL 

•4-8.1 FABRICATION CONTROLS. Thc ,onlra<·Lor shall ---
control his work i,perations includini: ma1·h·1ning, f.ihri1·aLi111:. 
and assembling lo ensure that Spt.'l'ifil'<J c:har act t•rist irs arc 
obtained and maintained. Detailed fahri1·aLion doc:umenls shall 
bc prepared fur us by producuon personnel c:onduc:ling such 
operations and shall include: 

a. Identification of the artide. 

·---------· --- -
b. Tooling, jigs, fixtures, numerical tapes, andior other 

cquipment. 
... ·-- ----·--

,·. Characteristics and ·allowable Luh!ranccs. 

d. Detailed work instructions fur controllinic operations. 

(•. Special precautions. 
""' 

f. Workmanship standards. 

&4 .x 1 I' H 11<: ESS Cl INTI!! 11.S Th,· n,111r;w1,,r •.li.,11 ---·---- -·-------
11nplcmL•nt µroccs.~ 1·11ntr11b [i, i•~~un• u111t,,r111 qual,1 ~. S111 h 
prucesscs in<:lude wcldin~. heal ln·;,tinl!. l'urini.:. in1prt~t,!n.tl1on. 

drying, plaring, painting, and :-.urf;.u·" 1 rt'i.lln1cnt. 

In ilddition. nu ndest r II l"l Iv•· I ,!slilll,! pr111·t·~ ..... ·:,,. ,ueh ii~ . 
radioi,:raphil"s. ulLra,oni1·s. dve Pl'llt'lranr. and 111,11,!0t·lit· par1wl1• 

,hall be .-uni rolled lo l!nsun• ,,d1'<1ualc indwalion 11f llw 
pr11du1·t ur mall'riJI quali1y l<•vels. Prul·t·~-.. pro1·1•dun·s ,h,oll 

dl!snibc: 

ii. .-\ppli.-at111n of th,· pruee,s. 

h. Prepara1 ion of Lht• artidl•s ,,r materials. 

C. DeLaili,d instruction~. 

d. F~elurs and e11ndili11ns '" he main1,,11ll'd durini: each 

:;tcp. 
·---

"· '.\leth11ds of Vl'rifvinl! tht· HOP.fJUan· 111' in~rcd1c11t~. 
solu1111ns. equipment. environmental conditi11n,. their ~•!lated 

l1.>lerant.·t·~. and frequen1·y of 1·hecks. 

f. Rec:urds fur ducuml!nting !ht roULIIW ntnLrols. 

•4.x.:1 CERTI FIC .-\TION::i. Th,· t·unlr;u·lur shall pr• ,vadt~ fur 

l hi, t· er l if i, · a l ions of per,. ,nn .. l. ,-quipm1·nl. ,,nd pnwc~, 

pri u;t•dur~<t n•r111iran1: suhmitt;d In lhl.' runtrad. C1•rtif:,,in~ 
'. 

r1:1·11rds sh,;ll be mainraim•d. 

'4-8.4 WUlll\MANSIIII' STAN DARllS. l i ,, n 1,r.i t 

Workmanshi~onduds shall hte an inll•i:ral par! "' thl' 

1·•,ntract11r';, quality pru11ram. 

• 4-8.5 l"'IWCESS .-\NU F ,\ IIIUC i\'t'lllN 1\IJlllT. Tht . 
,unlractur's qu.olity pru~ram sh,11l include pl;11in7-rlp,•r11,di1· . 
,,udits Li> a~,ur~ rompli.oni·e wirh all pr11c·t 1 :ii."i aud fahrirnliun 

d, •L·uml'II la! ion. 
-· 

Al 
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I RATING I 

ELEMENT Co111111P-nts WORK REQD ACCEPTABLE 

IN- ADE- OUT-
VOID COMP OUATE STNC-

4.9 TOOLING 

4-9.1 The contraclOr shall verify looling by means 11f 

periodic inspections to verify their conlinui,d accuracy in use, 

and the results shall be recorded. 

i 
4-9.2 When production jigs, fixtures. teinpl.ott>s, p;1lli,rns. 

I 
and such other devil-es aw used in inspection, tlwir ill'l'Ur,u:y 

shall be checked at periodir intervals, and 1he results shall be 
recorded. 

4·10 MATERIAL IDENTIFICATION AND STATUS 

*4-10.1 The Quality Proi:rnm shall provide prot·eclun•s fur 
identification of produc:t, pr111·es.~. inspection, and lest status 
throuihout all phases of manufacture and stura.;e. 

4-11 SHIPMENT AND STORAGE 

*4-11.1 The contral·tor's qu.ility pri,i:ram shall pm\·ide 

pr111~ fur control 11f quaHly during sl••ri1t.f~ .,nd shi11me11l 
in order 111 prevent dam;1J:l'. l,,ss, or d,•1,•ri,,rn1i,,11. Surh 
procedures will spedfy the inNh11ds, materials, doc·u1ncttli1I iun. 
and special customer requirl·mcnL~ required for handling, 

-.;1 u rinc. 1iresnv1111:. p;,1·k;,11in1:. pa1·kin1:. markin11. ,·ustum,•r 
r1•l1•;,sin1:, ,ind shi11111cn1. 

4-12 Ml::ASURING AND Tl::ST EQUIPMENT 

*-l-12.1 Till" nu1tra,;l1Jr·s qu,1l11v pr11i:ra1n prn1·cdur11s shall 
idl·~ Lill' urt,:t,niz:,t ion tesJ.11 ,nsihl,i fur mainlaininl( and 
, alibra1int: n1t•,1s11ri11i..: ;11111 f.ll~l l!QlliJJnU.Olll, 

·1-12.'.! ,\ II llll'asu r ini: and h!sL· equipm11n1 shall tx, 

m,11n1..,ined and ,·.,lihraled . prior lo initial use illld ill periodir 
iruervals. flct·11rds and n•nlruls ,hall be esl.ihlishl·d t,, insure 
lhal 1his fu1u·11,,n IS lll'rfurmL-d tJI) s1·heduh•. Rcvi"w prrn·edures 
Shilll bi, cs1:ihlr,l11·cl lo adjust 1he fre11ut,ncy uf mai1111<11a1u-e and 
l'.dibrati11n ii~ rcquin,d 111 mc1in1.,ln ,·unt inued at·l·urat·y al all 
limi,s. 

·--.. ~ .. . .. ~ --·---

·1-12.:l All 1,,,1 ,rnd m~asurenu.'nl P.(Ju•pmcnt shall be ---
pl'riudically ,·:,lahratt-d dgainsl a standard ot' greater arcurat·y 
,tnd .. known n•la1 iunsh ip to U.S. Na1111nal Standards or othi,r 
b;ii;i1• ,aandardi;. 

·4-12.4 Thl• t"c,11trat·t1 ,r shall maintain individual records of 
measurement standards .111d l'quipment. These rt!l·ords shall 
indudo idcntifi,;111io11 of ,·q uipnufr,t '" , ... 1:,1librnl¥d, 
1dentifit"al ion .... ralihral ion pr,11·rdures, ,·alibratiun intervals, 
dates, and r11sulls of eal·h t·,1libralion, due d11te of next 
L';1libratiun. individual perrormini: 1·alibrati11n, ,ind ralibration 
facilil y. In addi1i11n lhl! rnncli1i1111 and al·curatv of the 
equipment Fl!l"L'l\'l'd for r1i, · ,11il1ral 1,111 shall b1• ri,corded. 

.. , ...... 
*4-12.5 All meas1m•menl st,mdards and equipment sh.all bl!. 

~1iqucly identifiL•d and be labelL'l.l, 1a11ged, or mded to indicale 

ralibratiun status and due date• uf next 1·alibration. 

8?. 
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RATING 

ELEMENT Comments 
WORK REQO ACCEPTABLE 

IN• ADE• OUT• 
11010 COMP QUATE STNO -

1.1:1 INSPECl'ION AND TF~T R EQIJIKt:MENTS 

'4-13.1 t;E'.'IE!li\l.. The n,nt r;u·tur shall plan and t·u1ulu<:l 
;,n inspc,·tiun .,nd 1,•st pru~rarn whi,·h demunst rates lh.it 
n,ntra,·t. drawi111:. Sl)l't'ifi1·,1liun. and ,,u,ility. provisions arc ml'!. 

• 4- l :1. 2 INSPE<"TION /\ND TEST PLANNINC. Surh 
planninic shall en<:ompass all areas uf production indudini: 
materials. romponenls, subas,;emblics. end items, and preparation 
for delivery. I nspt-l'l ion and test plans shall include: 

a. Produ,·ti, ,n fluw .,nd inspt)1·t ion stations btii:inninK with 
rf'1·eivinl( insperlion. 

h. Chara,:lt'r1s1 ics ... he i11spf'1·11~1. 

l'. (_' r 11 S:..• rt• f l'rt' 11 (,'l' I t1 dt'I ;1i)t•tl i11,p1.-1'.ti11n ,llld lest 
pr• •r<."dun•s. 

d. Samplini: Plan. 

C. Cuurd1nt111,,n 111 lll~fU'l'l 11111 and ll.'Sl!'\ lo he witncs.wd by 
1h,· 1·usl11m•·r 

f. Data lu tw suhmi11,,d IO c·usLumtar. 

I!, N,,nn,11111rni;uu·t• IIISI flll l1111ts. 

i 
*4-1.3.3 INSPECTION AND TEST Pl{()(;~;ou RES. Written 

procedures shall be prepared for each inspection and test 
uperation. They shall be readily availablt! to inspection and test 
personnel al the applicable inspection station al the time of 
inspection and test. Earh procedurt' shall indude, as applicable: 

a. Identification 11f the arlirlc ur material. 

b. Samplin!l plan or quantity 10 be tesli,J or inspected. 
- -

r. Detailed sequential instru1·tions. 

d. Mcasuri,ment chararleristi('l; and required measuring 
equipment. 

e. Acceptable tolerances, with reference to specifications or 
drawings. 

r. Acceptance and rejection rriteria. 

jl. Alluwal,I., .idjustment, repair. or rework. 
... ··-

h. Requirements for data rec;ordin11 and reporting. 
... ·-· 

i. Disposition of artkle or malerial. 
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RATING 

ELEMENT Comments WORK REQD ACCEPTABLE 

VOID IN" ADE" OUT" 
COMP QUATE STND 

4-14 QUALITY RECORDS AND I 

INFORMATION ~'EEDBACK 

*4-14.1 The contractor shall generate and maintain records 
or all incoming, in-process, and Cinal inspection and test data. 
These records shall indicate item ident i rication, the actual 
measurement or tesl result, amount inspected or tested, amount 
acceptable, amount rejected, number and type or dericiencies, I 

lot size, disposition, operator identification and date. 

•4-14.2 The contractor shall generate and maintain records 
10 objectively document quality program activities. Such records 
include engineering changes, correctiw actions, internal audits, 
calibration records, rield reports, customer survey, and quality 
cost Jala. 

_,, ··-· 
•4-14.3 Record retention policy shall be established ror 

each type or record and its location. Rernrd~ nr i.,upeclion and 
tests performed on BPA contracts shall 1k, maintained tor a 
period of at least J years rrom the time of rinal delivery. 

•4'.14.4 The quality program shall provide for -the 
summary, analysis. and use of quality records as a basis Cor 
management action in each element or the quality program. 

4-15 NONCONFORMING MATERIAL 

*4-15.1 The ,·ontractor shall establish and maintain an 
effective ~Y ~Lem for i'.'Ol'llrolhng nonconforming material, 
including procedures Cor ir.s · identiCication, segregation. and 
disposition. 

*4-15.2 The cuntraclor shall prt>pare and is.sue documents 
for ea<'h nonconCormance containing as a minimum: 

a. A Serial Number. 
__ .,. ~·--· 

b. Identification or the nonconformint!, mat11rial. 
----- ... '~"- ··- -- ··-·" . ... 

C. A .,t!St·riptlun ol' the nonconrormanc-e, characteristi<' 
requirement; ;11ul tnlerance. 

d. Function responsible Cur the nonconformance. 

e. D isposi lion of the nonconforming material: Scrap, 
rework, or repair, return lo supplier, or submit to internal 
material review. 

r. Method or rework Qf repair. 

g. Re inspection and test method and results. 

- -
h. Dates and ~ii:naiurl!s uC authorized personnel. 

i. Identification or repeat nonconformance. 

j. Establish nffd and responsibility ror corrective action to 
prevent recurrence of the nonconrormance. 

-
•4-15.3 The contractor shall maintain the records or all 

noncoiior"mance ror trend detection, cause analysis. and 
corrective action. 
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ELEMENT 

4-16 CORRECTIVE ACTION 

•4-16.1 The rnntractor shall establish and maintain a 
corrective action system lo promptly detect and correct 
.,ssignable conditions adverse t11 quality. Corrective action shall 
cover all ueds of contractor operations and extend to all 
suppliers and deficiem·ies repor~cd by users. 

•4-16.2 Eal'h corrective action shall be executed according 
to the steps or the following r.losed loop with the results or 
actions compiled on a separate document for this purpose: 

a. Notirication of function responsible for deficiency. 

b. Determine extent and causes. 

c. Establish preventive actions. 

d. Rework uf existing product in all conditions of 
rnmpletion. 

e. Followup tu assure completion of corrective action. 

RATING 

Co111111enrs WORK REQD ACCEPTABLE 

IN• ADE• OUT• 
11010 

COMP QUATE STNO 

1-------------------------------+-------------------------+----+---J----J---I 
r. Review of effeuivt•ness. 

1----------------·--------------'--------------------------'---_,_ __ ___. ____ ...... .._ __ 
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APPENDIX D 

CONSOLIDATED EDISON COMPANY 
QUALITY ASSURANCE LEVEL MATRIX 

(SPECIFICATION QA-7100) 
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QUALITY ASSURANCE LEVEL COMPARISON 

I Quality Program Management 

Organization and Program - Requires a quality assur­
ance organization and program which provides con­
trols in the following areas: 

Design 
Manufacture 
Material Procedures 
Inspection 

Special Quality Assurance Plan - Requires a special 
plan to cover state-of-the-art extensions. 

Quality Assurance Program Summary - Requires the 
Seller to submit a summary of his quality assurance 
program. 

Inspection Plan - Requires the Seller to submit 
an outline of the product inspection plan. 

Quality Audits - Requires Seller to conduct quality 
audits and permits Con Ed and its authorized 
representative to audit the quality effort. 

Procedures - Requires written procedures to imple­
ment the QA program. 

Work Instructions - Requires written work in­
structions to supplement engineering drawings and 
specifications. 

Records - Requires Seller to submit a list of 
records and retention period for these records. 

Document Control - Requires Seller to assure the 
adequacy and completeness of all documents and 
changes thereto. 

Corrective Action - Requires the Seller to 
ma1~t~in a documented system to detect and correct 
conditions which affect the quality of the 
equipment. 

II Design Control 

General System ot Control - Requires Seller to 
establish methods for controlling design activities to 
assure that design criteria, codes, standards, etc.· 
are defined and correctly translated into specifications 
drawings, procedures, and instructions. 
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QUALITY ASSURANCE LEVEL COMPARISON (Cont'd) 

II Design Control 

Design Criteria - Requirea Seller to define the scope 
of effort needed to develop and control design 
criteria. Requires identification of new or unproven 
designs, material and standards in Seller's quotation. 

A 

X 

B C 

X 

Special Design Review Procedure - Requires Seller to x 
state special design review procedures to be used in 
areas where a state-of-the-art extension is required. 

III Material Control 

Procurement Source - Requires Seller to evaluate and 
control procurement sources to assure that material 
wee t11 vun:lu,111;1 urder quali~y requirements. 

Procurement Documents - Requires a system to review 
procurement documents prior to releaae to assure 
incorporation of quality and technical requirements. 

Procurement Inspection - Requires an inspection system 
.for purchased articles to verify conformance to 
applicable requirements. 

Raw Material Control - Requires Seller to identify a~d 
validate certffications received from suppliers of 
raw material. 

Limited Life/Age/Environment Control - Requires the 
Seller to Laple111&nC a oyotcm to eontTol ~~t.~rial1 
having limited storage life requirements. 

Con Edison-Furnished Property - Specifies requirements 
for .. the use and care of Con Edison-furnished 
material. 

IV Production Control 

Material Identification and Control - Requires the 
Selle; to ma1.nta1.n a system to 1dentify and 
control material during manufacture to insure that 
only accepted materials are used. 

Manufacturing Control - Requires the Seller to plan. 
and document a program to assure that each phase 
of fabrication, processing and assembly meets the 
requifements of applicable drawings, specifications·, 
procedures, and work instructions. 

X X X 

X 

X X X 

X X X 

.& X X 

X X X 

X X X 

X X X 
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QUALITY ASSURANCE LEVEL COMPARISON (Cont'd) 

IV Production Control (Cont'd) 

Manufacturing Inspection Control - Requires Seller 
to maintain an inspection system during manufactur­
ing operations. 

Handling - Requires the Seller to maintain facilities 
and procedures.adequate to prevent damage to equip­
ment, substitution, loss or quality degradtion. 

§.e_ecial Processes - Requires Seller to identify 
processes requiring controlled applications in 
his QA program. 

Packaging & Shipping - Requires Seller to maintain a 
system to control packaging and shipping operations. 

Tooling Accuracy - Establishes requirements for 
checks of accuracy of manufacturing tools, gages, 
jigs, and fixtures. 

Inspection, Measuring and Test Equi~ment - Establishes 
requirements for use, care, and periodic calibration. 

Trainin and Certification of Personnel - Requires 
Seller to define wor and inspection operations 
which require special training and/or ce.rtification 
of personnel. 

V Assurance of Conformance 

A 

X 

X 

X 

X 

X 

X 

Con Edison Approvals - States that Con Edison approvals x 
do not relieve Seller of the responsibility for fur­
nishing end products meeting all requirements of the 
contract, and that changes to documents previously 
approved by Con Edison require approval. 

Inspection by Sampling - Permits use of sampling in- x 
spections. Requires Seller to include sampling plans 
in his QA program summary. 

Inspection Status Identification - Requires a system x 
to identify the inspection status of all articles. 

Incomplete and Nonconforming Items - Establishes x 
requirements for disposition of incomplete and 
nonconforming articles. 
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QUALITY ASSURANCE LEVEL CONPARISON (Cont'd) 

V Assurance of Conformance (cont'd) 

Corrective Action - Requires Seller to promptly 
correct cond1t1ons which have or could result 
in production of nonconforming items. 

Con Edison Notification - Requires Seller 
to respond promptly to Con Edison's request 
concerning deficiencies found in de­
livered items. 

Final Inspection and Test - Requires Seller 
to define the extent of final inspection 
and test in his QA program or inspection 
plan, and to conduct all inspections and 
tests prior to submittal to Con Edison. 

First Article Inse.ection - Establishes 
requirements for a first article in­
spection when required by the purchase 
order. 
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APPENDIX E 

ANNOTATED BIBLIOGRAPHY 

Barton, S. P.; Tapper, D. N. 1978. "Designing Turbine Generators for High Availability 
Power Plants." Presented at the Westinghouse Electric Corporation Steam Turbine and 
Generator Technology Symposium; Philadelphia, PA; 4-5 October 1978. 

This paper describes the availability and design assurance techniques 
Westinghouse uses for the design of turbine-generators intended for power 
plants with overall plant availabilities in excess of 90%. The application of 
these · techniques is discussed for: making preliminary availability 
estimates; designing new generic subsystems; developing turbine-generator 

· systems for contract applications; and performing service related 
activities. 

Baumgardner, J. S. 1980. "Determination of a Generation Expansion Planning LOLP 
Design Criterion." Presented at the 1980 Reliability Conference for the Electric Power 
Industry; Madison, WI; 29-30 April 1980. 

This paper presents the results of a comprehensive generation system 
reliability study to determine a loss-of-load probability (LOLP) design 
criterion for the Florida Power Corporation System. This paper also 
presents the results of the investigation into the relationship between a 
daily LOLP and an hourly LOLP for the Florida Power generation system. 

Bonneville Power Administration, 1977 (3 Feb.). Quality Program Requirements. 
Portland, OR. . 

This specification establishes requirements for a quality program that shall 
be developed and maintained by the contractor to ensure that materials, 
productc;, and service are in compliance with the requirements of related 
contracts. 

Brinkmiller, F. J.; Coogan, F. C. 1980. "A Corporate Approach to Reliability in an 
Electrical Industry." Presented Rt thP. 1980 Reliability Conference for the Electric 
Power Industry; Madison, WT; 29-30 April 1980. 

This paper presents a unique approach to corporate reliability, availability, 
maintainability,and safety. Traditionally, such programs are developed by 
corporate staffs and passed down to the division level. The approach 
described here develops the program at the division level and reports 
results to the corporation. The paper discussP.s the development of the 
program, program description, and expected results of the program. 

Chamow, Martin F. 1978. "A Matrix Technique for Reliability Evaluations." Presented 
at the National Electronics Conference; Chicago, IL; 16-18 October 1978. 

· This paper presents a new approach for evaluating reliability models based 
on digraphs and related matrix methods. The new results involve matrices 
thAt <!ontain fewer nonzero entries than are used by other methods. These 
are termed sparse matrices, and the main advantage gained from their use 
is a savings of computation effort. 
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Chamow, Martin F. 1978 (Apr.). "Directed Graph Techniques for the Analysis of Fault 
Trees." IEEE Transactions on Reliability. Vol. R-27 (No. 1). 

Some of the difficulties encountered with previous fault tree valuation 
methods are avoided by using the methods described in this paper. The new 
methods involve using directed graphs (digraphs) and related matrix 
methods and solutions for paths in a manner similar to that for 
conventional digraphs. Most of the attractiveness stems from the 
fundamental philosophy of speedily transforming the graphics into 
corresponding ma trices. This puts the bulk of the solution effort into the 
mathematics where it belongs. The major benefit arises because the 
mathematical solutions are readily performed by standard matrix 
techniques, which can be implemented either manually or with the aid of a 
computer. The new methods have been used on var.ious hypothetical logic 
combinations and ~ctual fault trees of typical sizes. 

Commonwealth Edison Company. Station Nuclear Engineering Department. 1978 
(Dec.). Productivity Improvement Program Guide. Chicago, IL. 

The purpose of this guide is to identify a plan of action for performing 
engineering analysis and implementing recommended corrective actions to 
reduce the recurrence of nonproductivity in nuclear generating stations. 

Conrad, J. D., Jr.. 1979 (Mar.). Steam Turbine-Generator Quality Assurance: A 
Management Approach. Philadelphia, PA: Westinghouse Power Generation. 

New management concepts are being used to coalesce advanced 
turbine-generator technology and innovative quality assurance concepts. 
This paper describes the system synthesized by Westinghouse to provide for 
disciplined achievement of goals during the entire turbine-generator life 
cycle; i.e., from contract negotiation through design, manufacture and 
OJ;)eration to unit retirement. 

Consolidated Edison Company. 1972 (Apr.). Quality Assurance Reguirements, 
Specification QA-7100. New York. 

The purpose of this document is to provide guidance in how to apply and use 
QA-7100 when specifying the quality assurance effort required of a seller 
during the development and manufacture of equipment for Consolidated 
Edison. 

Cutting, J. C.; DelBueno, R. P .; Eckels, R.; Maruvada, S. N .; Cham ow, M. F .; Lynch 
J. J. "The Influence of Component Redundancy on the Availability of Open-Cycle MHD 
Power Plants." Presented flt the Fourth U.S./U.S.S.H. Colluquium on 
Magnetohydrodynamic Electrical Power Generation. 5-6 October 1978. Washington, DC. 

This paper describes a continuing effort to identify methods of improving 
availability/reliability of open-cycle magnetohydrodynamic (MHD) power 
plants. Analytical and design studies have been performed that indicate 
that the use of redundant MHD topping cycle equipment can result in 
significant improvement in plant availability and/or reduced MTBF 
requirements for channels and combustors. Design· considerations for rapid 
component replacement/repair have been incorporated into the study and a 
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safety analysis is presently underway. Final results of the study will 
include an assessment of the impact of these cycle or equipment 
arrangements on the commercialization of open-cycle MHD. 

Department of Energy. 1979 (Mar.). Performance Assurance Contractual Specification 
Guide. (Draft) Washington, DC: DOE. 

This guide contains standardized performance assurance-related 
specifications for use in all major fossil energy projects. The specifications 
are general in nature and the format has been designed so the DOE project 
manager may select and/or tailor any element of these specifications to fit 
the unique.needs of any project. The Performance Assurance Office of the 
Planning and Systems Engineering Division also is available for assistance 
in tailoring these specifications. A separate "stand-alone" specification has 
been provided for each performance assurance discipline. 

Department of Energy. 1979 (Mar.). The Fossil Performance Assurance Procedures 
Handbook. (Draft) No. 2623-03-29 Washington, DC: DOE. 

This handbook is to aid fossil energy contractors in preparing and aiding the 
DOE Project Managers in their review of performance assurance (PA) 
program plans and procedures. The handbook provides a systematic 
approach for the contractor to use in preparing his PA program plans and 
procedures which, when implemented, are expected to strengthen the fossil 
energy programs. The handbook contains self-standing procedures to aid in 
writing program plans for reliability, maintainability and availability, 
system safety, life-cycle costing, configuration management, and quality 
assurance. In addition, each program plan procedure is accompained by 
additional self-:standing procedures, as required, to implement each 
program plan. Use of these procedures will assure that the contractor will, 
when generating or modifying his supplied requirements, satisfy his basic 
obligation to provide ari effective and economical performance assurance 
program. 

. . 
Department of Energy, Fossil Energy Programs. 1979 (Apr.). Performance Assurance 
Project Managers Manual. Washington, DC: DOE. 

This document contains a description of performance assurance (PA) 
elements, functions, and disciplines. It describes what PA is, why it is 
needed, when it should be applied, and how it should be applied to various 
types of fossil energy projects. It also provides illustrations of the 
application of PA disciplines during the typical phases of a fossil energy 
project. It is addressed to the fossil energy project managers, their staffs, 
and appropriate contractors to aid them in ensuring the design, 
development, and implementation of performance assurance programs 
applicable to particular projects, thereby enhancing the potential for 
success of these projects. 

Garver, L. 1975. (Apr.). "Electric Utility Planning Models." Presented at the Joint 
National ORSA/TIMS Meeting; Chicago, IL. April 1975. 

This paper introduces several electric utility planning models currently 
being used in long-rAnge generation and transmission expansion studies. 
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Probability and optimization methods, now associated with operations 
research, were considered for utility problems as far back as 1933. Today 
these methods are applied to a broad range of probems, which in the 
planning area include setting generation reserves, simulating utility 
operation and synthesizing plans for generation and transmission 
expansion. The difficulties, successes, and current trends in these 
applications are discussed in this paper. 

Holmes & Narver, Inc. 1978 (Mar.). Power Plant Data Systems. Palo Alto, CA: Electric 
Power Research Institute. 

Several data systems now exist that collect and report certain kinds of data 
from operating units. This study was undertaken to determine what kind of 
power plant data are needed and how the information can best be 
provided. More than 150 people in 35 organizations were interviewed. The 
results of se.vf.'.rB.l industry/government meetings on the subject of data 
were reviewed. All known existing data systems were examined. Several 
data systems serving other industries were also studied to search for 
methods useful to the collection and dissemination of generating unit 
data. This final report summarizes the data needs of the power industry 
and the requirements of government agencies. The existing data gathering 
activities of the power industry ·and government agencies are described. 
Two plans for acquiring a single, national generating unit data system that 
would satisfy the needs of the power industry and the requirements of 
government agencies are presented. 

Institute of Electrical and Electronics Engineers. 1979 (Mar.). Definitions for Use in 
Reportin Electric Generatin Unit Reliability, Availability, and Productivit . Draft. 
Prepared by the Power Plant Productivity Definitions -ask Force, Application of 
Probability Methods Subcommittee, Power System Engineering Committee. New York. 

This standard was developed to overcome present difficulties in the 
interpretation of electric generating unit pP.rformance data from various 
systems and to facilitate comparisons among different systems. It should 
also make possible the future exchange of meaningful data among systems 
in the United States, Canada, and throughout the world. This document 
standardizes terminology and indices for reporting and evaluating 
electric-generating unit performance. Performance measures can 
generally be categorized into three groups-reliability, availability, and 
productivity. 

Institute of Electrical and Electronics Engineers. 1979. Recommended Practice for 
Design of Reliable Industrial and Commerical Power Systems. Standards Project No. 
493. New York. 

The objective of this book is to present the fundamentals of reliability 
analysis as it applies to the planning and design of industrial and 
commercial electrical power distribution systems. The text material is 
primarily directed toward consulting and plant electrical engineers. The 
material in this book should enable engineers to make more use of 
quantitative cost versus reliability trade-off studies during the design of 
industrial and commercial power systems. Included are: basic concepts of 
reliability analysis by probability methods, fundamentals of power system 
reliability evaluation, economic evaluation of reliability, cost of power 
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outage data, equipment reliability data, and examples of reliability 
analysis. In addition, discussion and information are provided on: 
emergency and standby power, electrical preventive maintenance, and 
evaluation and improvement of reliability of existing plants. 

Klein, William E. 1980. "Modified Aerospace Reliability and Quality Assurance Method 
for Wind Turbines." Presented at the Annual Reliability and Maintainability Symposium; 
22-24 Jan. 1980. 

This paper describes the safety, reliability and quality assurance (SR&QA) 
approach developed for the first large wind turbine generator project, 
MOD-QA. The SR&QA approach had to ensure that the machine would not 
be hazardous to the public or operating personnel, would operate 
unattended on a utility grid, would demonstrate reliable operation and 
would help establish the quality assurance and maintainability requirements 
for future wind turbine projects. Since the ultimate objective of the wind 
energy program is to provide wind power at a cost competitive with other 
energy sources, the final SR&QA activities were to be accomplished at a 
minimum of cost and manpower. The final approach consisted of a 
modified failure modes and effects analysis (FMEA) during the design 
phase, minimal hardware inspections during parts fabrication, and three 
simple documents to control activities during machine construction and 
operation. This low cost approach has worked well enough that it should be 
considered by others for similar projects. 

Krasnodebski, J.; Bartko, I. "How to Manage Design to Assure Quality Operations and 
Construction Feedback to Design." Presented at the Fourth Annual National Conference 
on Nuclear Power. Washington, DC; 10-12 Oct. 1977. 

The nuclear power industry needs to design more timely and comprehensive 
feedback of operational and construction experiences. This paper reviews 
nuclear industry information systems in the United States. The 
organization of the Design and Construction and Operations Branches of 
Ontario Hydro, the quality engineering program, and responsibilities for 
information feedback are described. Application of information feedback 
to various design tasks is discussed. Prerequisites for component data 
collection systems that will provide the required information efficiently 
are described. The limitations of existing systems are briefly reviewed and 
suggestions for improve1nents made. 

Krasnodebski, J.; Christians, J. 1977. "Reliability and Maintainability in Design of Power 
Stations." Presented at the Availability Engineering Workshop sponsored by the Electric 
Power Research Institute; Albuquerque, NM; October 1977. 

This paper describes the development of a Reliability and Maintainability 
(R&M) engineering program and its application to the design of Ontario 
Hydro thermal power stations. The effect of the unavailability of these 
stations on the reliability of the power system and resulting cost are 
described. The R&M program and application of the various R&M design 
tasks are outlined. Allocation of availability goals, application of 
reliability analysis, design reviews, maintainability program, data 
collection, R&M activities in equipment procurement, and R&M training 
are discussed. 
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Krasnodebski, J.; Ravishanker, T. J. 1979. "Reliability Through Effective Specifications 
and Programs." Presented at the 1979 Reliability Conference for the Electric Power 
Industry; Miami Beach, FL; 19-20 April 1979. 

This paper briefly reviews Ontario Hydro's Reliability and Maintainability 
(R&M) Program in designing generating stations and develops the need for 
adequate specification of equipment R&M requirements. The R&M 
program and tasks required of architect engineers (AE) and suppliers are 
outlined. Experience in carrying out the program is reviewed and 
approaches to increase effectiveness of both supplier and AE effort are 
suggested. R&M costs and their effect on equipment life-cycle cost and 
supplier income are also discussed. 

Lawson, J. W.; Anderson, D. R. 1979. "Re.liability Cost Benefits: A Utility Operations 
Viewpoint." Presented at the 1979 Reliability Conference for the Electric Power 
Industry; Miami Beach, FL; 19-20 April 1979. 

This paper describes an approach to . measuring and evaluating the 
performance of fossil- and nuclear-generating units and components with a 
view to instituting improvements based on relative economics. Examples 
of cost/benefit studies and their application are given. 

Maruvada, S. N.; Ideise, K. E.; Charnow, M. F. 1978. "Failure Rate as a Design 
Parameter: Possibilities and Limitations." Presentf"rl at the 1978 Annual Reliability ttntl 
Maintainability Symposium. Los Angeles, CA; 17-19 Jan. 1978. 

This paper examines the availability performance of a fossil-fired 
generating unit taking into account several derated states. The 
probabilities of being in the up,· down, and various aerated states arc 
computed using state space techniques and a derived measure of unit 
performance. The sensitivity of this measure of performance to the failure 
and repair rates of major components is obtained. The results can be used 
to aid decision making during the design of a power generating unit to 
obtain the most cost-effective reliability imp1'0vement. 

Multhaup, H. A. 1980. "Design for Reliability and Maintainability: Life-Cycle Cost 
Minimization." Presented at the 1980 Reliability Conference for the Electric Power 
Industry; Madison, WI; 29-30 April 1980. 

The basic objective of the life-cycle cost a,nalysis in this paper is to 
integrate all aspects of the reliability engineering function into a 
decision-making math model that is closely aligned with the end-use goals 
of gas turbine users. It allows a more rational global view relative to the 
establishment of TU,:M go&l~ und requirements. This total economic 
analysis, however, requires quantitive inputs from many organizations on 
both sides of the manufacturer/user interface. 

Niebo, Ronald J. 1979. "Transition of Equipment Availability Data System to NERC." 
Presented at the 1979 Reliability Conference for the Electric Power Industry; Miami 
Beach, FL; 19-20 April 1979. 

This paper reviews· the current status of the data base since its transition 
to NERC on 1 January 1979. The data base rebuilding program initiated by 
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NERc, the new data reporting procedures manual, and anticipated changes 
to the data base are outlined. The initial reactions of the utilities and the 
Department of Energy regarding the transition and subsequent revisions to 
the dat8 hRsP. Rre also discussed. 

Poole, David N. "Performance and Reliability: A Many Faceted Component 
Improvement Program." Presented at the 1980 Reliability Conference for the Electric 
Power Industry; Madison, WI; 29-30 April 1980. 

This paper discusses EPRl's reliability and performance improvement 
program of both new and existing fossil-fueled steam power plants. The 
program addresses every major problem area that has been identified to 
ultimately improve reliability. The program, as currently established, deals 
with five separate but interrelated areas. They are turbine/generators, 
steam generators, plant auxiliaries, plant chemistry, and integrated plant. 
As currently designed, this program will cost approximately $50 million for 
the five-year period 1980-1984. Conservatively, the utility industry should 
accrue benefits of at least $20 billion over the following 20-year period as 
a result of these R&D efforts. 

Ravishankar, T. J. 1980. "R&M Program for Gas Turbine-Generators in Nuclear 
Generating Stations." Presented at the 1980 Reliability Conference for the Electric 
Power Industry;· Madison, WI; 29-30 April 1980. 

This paper describes Ontario Hydro's R&M program in procuring gas 
turbine-generator (GT) sets. A brief description of the functions of the 
on-site backup power supplies and their GT is given. A description of the 
appro~ch used in determining the number of GT constituting the on-site 
backup power supplies and identification of their R&M requirements is then 
presented. The essential elements of the supplier's R&M program, 
communicated through the R&M clause in technical specifications, are 
described. This paper also describes Ontario Hydro's experience in contract 
monitoring and follow-up with three manufacturers on four contracts. 
Areas where difficulties were experienced and areas that require careful 
consideration are identified. 

S. M. Stoller Corporation. 1978 (July). Consolidating Power Plant Data Systems. Palo 
Alto, CA: Electric Power Resear~h Institute. 

This report described the experience of several large industries with 
collecting and using equipment performance data in large complex systems 
and assessing the feasibility of consolidating power plant data bases. It 
discusses the results of interviews conducted with two utilities and six 
organizations outside the utility industry. It concludes that consolidation 
of data collection in a single organization would reduce the burden of 
reporting by the utilities and would improve the quality and availability of 
the data. Several potential improvements in the quality and scope of plant 
outage cause data are recommended. 

S. M. Stoller Corporation. 1979 (Feb.). Power Plant Early Alert Reporting System. Palo 
Alto, CA: Electric Power Research Institute. 

The early alert reporting system (EARS) as presented in this report collects 
information on significant generic failures in power plants and bt•oadcasts 
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the details of these failures in a timely manner to other utilities, architect 
engineers, and manufacturers in an attempt at avert similar failures in 
other plants. The need for such an alert system was identified in an 
industry study of power plant data systems sponsored by the American 
National Standards Institute (ANSI). As a result of this identified need, the 
Executive Committee of the Edison Electric Institute's Engineering and 
Operations Committee requested that EPRI undertake a study to define the 
scope and operating method for an alert system. This report contains the 
results of that study. 

Stone & Webster Engineering Corp. 1979 (Apr.). Analysis of Utility Industry Data 
Systems. Palo Alto, CA: Electric Power Research Institute. 

This project examines the usefulness of the three most prominent 
availability and reliability related data systems currently being supported 
by the electric power industry; (1) Equipmf:'nt Availability Data System 
(Edison Electric Institute), (2) Operating Units Status Reports-Gray Books 
(U.S. Nuclear Regulatory Commission), Emrl (:l) thP. Nuclear Plant 
l{ellability Data System-NPRDS (American National Standards Institute). 
The aim was to test completeness, accuracy, and utility of these data 
reporting systems by attempting to apply the data to power plant reliability 
and availability analysis. Results of some of the computations that can be 
made with existing data are provided together with cautions concerning 
their interpretation. The study indicates limitations and deficiencies in 
each of the systems. The basis for judging limitations and deficiencies was 
not necessarily what the data systems were designed to do, but their ability 
to supply data necessary to perform basic reliability and availability 
analyses applicable to power plants and their equipment. 
Recommendations are offered concerning actions necessary to enhance 
existing systems and actions that should be considered in developing any 
new data reporting system. 

System Development Cooperation, 1978 (Mar.). Pro,:-edures for the Operation and Use of 
the .Fossil Energy Equipment Data System (FEEDS). 

This document provides operating procedures for the first phase of DOE's 
Fossil Energy Equipment Data System (FEEDS). The system is being 
established to provide for the collection, analysis, storage, and 
dissemination of equipment and material failure, availability, operability, 
and maintainability information generated through the operation of fossil 
energy plants. 

Vanderzanden, w. R. 1980. "The Economic::i of Power Transformer 
Reliability-Improvement by Profit Incentive." Presented at the 1980 Reliability 
Conference for the Electric Power Industry; Madison, WI; 29-30 April 1980. 

The cost of buying a step-up power transformer is only the first cost 
incurred in owning the transformer. Utilities have long recognized that 
transformer losses are an important economic factor. Therefore, methods 
have been developed to calculate the value of losses over the life of a 
transformer, and these are added to the purchase cost. A major forced 
outage on a large power transformer can also have a large economic 
impact. The cost of repairing or replacing failed transformers with long 

100 



TR-784 
5 =~1 it.,---------------------------~~ 

lead times is an important element of cost. Frequent report of transformer 
failure suggest the problem may be increasing. While the transformer has a 
forced outage, replacement energy must be .obtained. Cascading outages 
represent a greater risk when a transformer is out of service. These 
factors also contribute to the additional transmission system and 
generation reserves needed to compensate for the increased system forced 
outage rate resulting from the transformer failure rate. 

Vessley, J. E.; Cowdery, J. W. 1980. "RAM-A Management Challenge." Presented at the 
1980 Reliability Conference for the Electric Power Industry; Madison, WI; 29-30 April 
1980. 

The presentation examines the current needs and benefits of RAM 
(Reliability, Availability, Maintainability) programs from three different 
viewpoints, i.e., general public, customers, and stockholders. The FPL 
organization and approach in response to these needs is described. Specific 
activities, including data use, illustrate the effectiveness of this 
organization. The paper concludes with expected future activities. 

Walters, R. J. 1979. "Realizing Reliability." .Presented at the 1979 Reliability 
Conference for the Electric Power Industry; Miami Beach, FL; 19-20 April 1979. 

At a time of fiscal restraint, it is important that good performance is 
achieved from new generating stations since this reduces system expansion 
costs and replacement energy costs to the utility. This paper shows that 
these costs can be defined in relationship to unit performance and then 
used to evaluate equipment tenders on an overall life-cycle cost basis. By 
this means, better assurance of future performance is obtained. 

Zagursky, G. P.; Pillar, C. S. 1980. "A Systems Approach to Reliability Program 
Development and Implementation." Presented at the 1980 Reliability Conference for the 
Electric Power Industry; Madison, WI; 29-30 April 1980. 

This paper discusses the techniques used by Florida Power & Light 
Company to develop and implement a practical and effective power 
generation reliability program. Although the overall reliability objectives 
were clear, the division of responsibility was not. In an attempt to manage 
this monumental effort, a systems approach was used to identify and 
separate the task into its basic elements for analysis and program 
development. The results produced a reliability team, complete with a 
program charter and functional department guideline documents for 
implementation. 
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